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ABSTRACT 
Mutagenic and carcinogenic effects resulting from DNA damage are 
long term sequelae of genotoxicity. The genotoxic agents can be defined 
functionally as having the ability to alter DNA replication and genetic 
transmission. The necessity of monitoring genotoxic agents using mice as a 
model has been forced by ever increasing use of industrial and agricultural 
chemicals, health hazardous compounds and carcinogens. One such group of 
compounds that qualify for much attention is phenoxy acid derivatives, viz. 
Pentachlorophenol (PCP) and 2,4-dichlorophenoxyacetic acid (2,4-D). In 
mouse liver PCP is metabolized to tetrachlorohydroquinone and 
tetrachlorocatechol which can be further oxidized to tetrachloro-1,4-
benzoquinone and tetrachloro-l,2-benzoquinone via the corresponding 
semiquinones. Redox cycling associated with the oxidation of 
tetrachlorohydroquinone and / or the reduction of tetrachloro-1,4-
benzoquinone to semiquinones generate oxygen radicals. The 2,4-D is a 
chlorophenoxy herbicide, it exhibits a variety of mechanisms of toxicity 
including dose-dependent cell membrane damage, uncoupling of oxidative 
phosphorylation, and disruption of acetylcoenzyme A metabolism. 
PCP whose wide spread use are mainly in food protection, pulp and 
paper mills, has led to a substantial environmental contamination and 
continuous exposure of organisms and ecosystems. Its pronounced biocidal 
activity has increased its use in a great number of applications such as 
fungicide, moUuscicide, insecticide, herbicide, slimicide and preservative. 
The 2,4-D is a common herbicide employed as post emergence foliar spray 
used in grassland and turf areas and for the control of aquatic weeds. 
In the present study, genotoxic effects of PCP and 2,4-D were tested 
in chromosomes and DNA. Further biochemical investigations were carried 
out in sera and liver homogenate. Three different concentrations of PCP and 
2,4-D was selected on the basis of their LD50 (separate for each chemical). 
The effect of these concentrations was seen at 4 different time intervals. 
The peripheral blood was withdrawn and the animals were sacrificed 
by cervical dislocation. The whole liver (about 1 to 2 gm) was removed and 
subjected to homogenization. Furthermore the contents of femur were 
extracted and subjected to cytogenetic preparations. For chromosomal 
aberrations (CA) study cytogenetic preparation from bone marrow cells was 
made in exposed specimen against appropriate controls. In making the 
chromosome preparation, the colchicine-hypotonic aceto-alcohol air / flame 
dry Giemsa staining method was used. Time and concentration dependent 
increase in total observation was evident for both chemicals. Various types 
of aberrations like breaks, exchanges, multiple aberrations, stickiness, 
pulverization and C-metaphases were recorded. 
For both the chemicals, the increase in all CA frequencies for 24hr 
was found statistically significant when compared with relevant controls 
(Student's 't' test, P < 0.05), whereas for 48hr, the effect of higher 
concentration showed statistically significant values except the 
concentration I of 2,4-D, where the damage was repaired by repair enzymes. 
The highest frequency of CA recorded by PCP was 9.70% (ex-gaps) and 
17.25% (in gaps) for 24hr of the highest concentration as against the level of 
8.25% (ex-gaps) and 13.50% (in gaps) at the highest concentration and 
duration. 
As a supporting evidence of induced chromosome aberrations, 
preparation and observation on micronucleus test (MNT) was performed in 
bone marrow cells of the mice. The Giemsa May Gruenwald staining 
technique (ID Adler) was followed. The PCP induced micronuclei in cells 
was statistically significant at two higher concentrations and duration, 
whereas 2,4-D induced micronuclei at each concentration, but the 
statistically significant level was found only at the highest concentration. 
The incidence of micronuclei formation showed a positive dose response of 
effects over the entire dose range tested. Besides, P/N ratio also showed a 
decline for both the chemicals when compared to relevant control. 
Furthermore, a slight increase in normochromatic erythrocytes was also 
observed as compared to the controls. 
Mitotic index studies indicated an inhibition of cell division in a dose 
and time dependent manner. The observed values for PCP and 2,4-D were 
significant when compared with relevant controls. Observations proved the 
susceptibility of mammals to genetic toxicity of PCP and 2,4-D, PCP being 
the most toxic and 2,4-D reasonable toxic, but both were mutagenic to 
mammalian system. 
The liver is oftai the target organ of chemically induced tissue injury 
due to its role in biotransformation of xenobiotics and its unique position in 
circulatory system. A plethora of biochemical changes occurred in blood and 
liver of the investigated organism after the administration of PCP and 2,4-D. 
These changes were recorded through various biochemical parameters. 
Lipid peroxides in the liver homogenate was determined 
spectrophotometrically. One molecule of malonaldialdehyde (MDA) reacts 
stoichiometrically with extinction co-efficient of 156 mM -^ Cu"* at 532 nm. 
The PCP and 2,4-D did induce lipid peroxides in the liver in a concentration 
and dose dependent manner. PCP being more potent produced larger 
quantities of LPO reaching the maximum value of 747.43 n mole against the 
676.29 n mole for 2,4-D. For both chemicals, maximum damage was 
recorded at 24h of the treatment except for the maximum concentration of 
PCP, where the damage was recorded at 48h of treatment. 
Lipid peroxidation phenomenon is the oxidative breakdown of 
unsaturated fatty acids. The formation of lipid peroxidation products leads to 
spread of free radical reactions. The general process of lipid peroxidation 
consists of three stages: initiation, propagation and termination (Catala, 
2006). Peroxidation of lipids can disturb the assembly of membrane, causing 
changes in fluidity and permeability, alterations of ion transport and 
inhibition of metabolic processes (Nigam and Schewe, 2000). Damage to 
mitochondria induced by lipid peroxidation can direct further ROS 
generation (Green and Reed, 1998). In addition LOOH can be broken down, 
frequently in presence of reduced metals or ascrobate to reactive aldehyde 
products including malondialdehyde (MDA), 4-hydroxy-2 nonenal (NHE), 4 
hydroxy 2-hexenal (4-HHE) and acrolein (Esterbauer et al, 1991). Lipid 
peroxidation is one of major outcomes of free radical mediated injury to 
tissues. Peroxidation of lipids can greatly alter the physiochemical propoties 
of membrane lipid bilayer resulting in severe cellular dysfunction. 
Estimation of reduced glutathione was another aspect of biochemical 
investigation through which the damage to antioxidants was recorded. 
Glutathione (r-glutamylcyteinylglycine GSH) is a sulphydryl (-SH) 
antioxidant, antitoxin and an enzyme co-factor. It also provides protecticm to 
mitochondria against endogenous oxygen radicals. Glutathione is most 
concentrated in the liver where the "P450 phase 11" enzymes are required to 
convert the fat soluble substances into water soluble GSH conjugates in 
order to facilitate their excretion. GSH depletion may be the ultimate factor 
for determining vulnerability to oxidant attack and its depletion can lead to 
cell death. Reduced glutathione in liver homogenate was measured by the 
assay based on the reduction of 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) 
by-SH group of glutathione to form 2 nitromercaptobenzoic acid. The 
product was measured spectrophotometrically at 412 nm, using the 
extinction co-efficient of 137 nM~' cm~^ PC? and 2,4-D did show their 
effect on glutathione. PCP showed a remarkable effect on reduction where 
the value declined to 365 ^m /g liver from 8.75 \ivcJg liver of respective 
confrol. The 2,4-D also depleted the glutathione. Maximum effect was seen 
upto 5.71 |imole/gm of liver, against the relevant confrol noticed at 24 hour 
of the freatment, hence once again the dose and time dependent 
concenfration relationship was established. 
The damage caused by PCP and 2,4-D was further assessed by 
determining certain liver enzymes in blood. In normal conditions, these 
enzymes reside within hepatocytes. After damage to liver, these enzymes are 
spilled into the blood stream. Alanme aminotransferase (ALT) is one such 
enzyme. It is markedly elevated in acute liver damage. The enzyme aspartate 
aminotransferase (AST) has similar role but it is also found in other tissues. 
The amount of ALT and AST in the blood is directly related to the extent of 
liver damage. AST and ALT were calculated by the method of Frankel and 
Reitman (1954). The pyruvate produced by the transamination by ALT 
reacts with 2,4-denitrophenyl hydrazine (DNPH) to give a brown-coloured 
hydrozone, which is measured colorimetrically at 510 nm. The AST 
decarboxylates spontaneously to pyruvate, which is again measured by 
hydrazone formations. In both the estimations the concentration of the 
substrate are suboptimal to reduce the background colour given in the 
reaction by a-ketoglutarate with DNPH. PCP and 2,4-D did raise AST and 
ALT enzymes above control levels. Furthermore, the AST/ALT ratio also 
supported the results that 24hr treatment produced maximum damage. The 
damage noted at 48hr was also significant. The PCP raised the AST upto 
56.25 lU/liter against the 30.25 lU/liter for respective control. 
The effects of PCP and 2,4-D were further analyzed by various DNA 
scaiming profiles. The hepatic DNA was extracted by Sambrooke and 
Russel's (2001) method. DNA denaturation, also called DNA melting, was 
the first scanning profile, where the unwinding and separation of 
deoxyribonucleic acid into single stranded strands (through the breakdown 
of hydrogen bonding between the bases) was induced by PCP and 2,4-D. 
The structural changes in modified hepatic DNA was further characterized 
by measuring the progress of denaturation of PCP and 2,4-D preparations at 
260nm as a function of temperature. Melting behaviour of normal and PCP 
and 2,4-D modified hepatic DNA samples were monitored over a 
temperature range of 30-90*'C at a rate of 1.5C/min and increase in 
absort»ance at 260 nm was taken as a measure of melting under our 
experimental conditions. Both PCP and 2,4-D modified DNA showed early 
melting, with the peak response at 24hr time interval. Here again, dose and 
time dependent relationship was obtamed. The overall profile of Tm of 
normal and modified hepatic DNA depicted that the structure of the DNA 
has been damaged by the test chemicals, and this seems to be the reason for 
observed the lowering of Tm values of modified DNA. The TJV absori^on 
spectrum of hepatic native DNA showed characteristic maximum 
absorbance at 260 nm (A,max) The purity was determined fi-om absorbance 
ratio (A 260/280) of 1.8 and electrophoresis in agarose gel. Native hepatic 
DNA and PCP and 2,4-D modified forms were subjected to alkaline gel 
electrophoresis in 0.8% agarose gel. Maximum damage was recorded for 
24hr of highest concentration i.e. 40mg/1000gm b.w. of PCP, whereas 2,4-D 
recorded the maximum damage at 24 h at 90 mg/100 gm b.w . At 48h of 
every concentration, the repair systems repaired the DNA of some of the 
repairable damage. Maximum repair was seen for lower concentration, 
where the damage brought by test chemical was not severe. The greater 
amounts of both oxidative and direct DNA damage by PCP together with 
increased hepatotoxicity and cell proliferation, may provide, thus, the critical 
events necessary for hepatic carcinogenesis in mouse. 
Neither hepatic DNA nor PCP or 2,4 D, has their own fluorescence 
and therefore an extrinsic fluorophore, ethidium bromide was use to look 
into the structure of nomal hepatic DNA and its PCP and 2,4-D modified 
conformers. Normal hepatic DNA and its modified conformers were 
incubated with ethidium bromide and emission profiles were recorded using 
the excitation wavelength of ethidium bromide at 325nm. 
The fluorescence profiles were recordeo and the calculated loss in 
fluorescence was determined. 
The loss of fluorescence was maximum at highest concentration of 
40mg/1000gm of PCP at 24h i.e. 63.01% whereas 2,4-D showed the 
maximum of 40.30% at 90mg/1000gm of 24h time interval. 
Above studies are expected to provide excellent understanding for 
monitoring genotoxic effects of various environmental and man made 
mutagenic agents, some of which reportedly show carcinogenic effects in 
human beings. Information extracted are likely to be useful in management 
and genetic background of cancers. PCP being the mcst toxic and 2,4-D 
reasonable toxic both are seen to be genotoxic in mammalian system and 
their minimum permissible exposure or even discontmuation to humans is 
recommended herewith. 
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GENOTOXICITY- AN INTRODUCTION 
Genotoxicity is the systematic investigation of the effect that all 
physical and chemical agents present in our environment can exert on the 
genetic system of organism as well as their remote genetic consequences for 
the future of the species. The primary objective of the genetic toxicology, 
however, is to detect and analyse the potential hazard of those agents that are 
highly specific for interaction with nucleic acid and produce alterations in 
genetic elements at sub-toxic concentration. Thus, its first aim is to describe 
the outcome produced by toxic substances in various organisms, but only 
from the genetic stand point and to draw conclusions that can be 
extrapolated to man. The next aim is to investigate the mechanism of action 
of the substance, and on the basis of this knowledge evaluate the effect on 
man (Moutschen, 1985). 
Most agents damage nucleic acids at higher concentrations evoking 
acute, non-specific cytotoxic effects in wide range of cellular processes. 
Agents that induce alterations in nucleic acids and associated component at 
sub-toxic exposure level, which result into modified hereditary 
characteristics or DNA inactivation, are classified as genotoxic. These 
substances usually have common physical or chemical properties facilitating 
physical or chemical action leading to interaction with nucleic acids. Thus, 
genetic toxicology has emerged to play a dual role in safety evaluation 
programs. One of the roles is the implementation of testing mutagenesis 
protocols and devise assessment methods to define the impact of genotoxic 
agents found in the environment and, more specifically, presence of which 
may affect the integrity of the gene pool. The second role is the application 
of the genetic test methods to the detection and mechanistic understanding 
the action of carcinogenic chemicals. 
Genetic toxicology area had its beginning by H.J. Muller's discovery 
in 1927 that X-rays cause sex linked recessive lethal mutations in 
Drosophila. The much needed impact of the field of genotoxicity came from 
the study of Alexander HoUaender (1960's), who led the foundation of the 
Environmental Mutagen Society (EMS) in 1969, in USA (Hof&nan, 1996). 
Similar societies, working together, efficiently have evolved in Europe, 
Australia, Japan and India (Moutschen, 1985). After the establishment of 
International Association of Environmental Mutagen Society (lAEMS) in 
1973, the beginning of active research in Genotoxicity was heralded. 
National and International agencies became increasingly interested in 
mutagenesis, recognizing its importance not only for genetic disease but also 
for carcinogenesis. 
In the United States agencies such as National Institute of Health 
(NIH), National Toxicological Program (NTP), Environmental Protection 
Agency (EPA), Food and Drug Administration (FDA) have supported the 
basic research in mutagenesis. The US Environmental Protection Agency 
(EPA) under its Gene-Tox program has developed an approach to determine 
the maturity level of development for large number of genetic bioassays. 
(Brusick and Auletta, 1985). 
Since the past two decades, alarming ideas have arisen of the 
increased presence of new chemicals in our environment, and also from the 
appraisal of new techniques. Subsequently, it has given rise to an extensive 
literature and information on the basic mutation research and mutagenicity 
testing, and genotoxicity has gradually been integrated into the broad field of 
toxicology. It has also provided the primary source of data on health effects 
of chemical safety evaluation on the existing and emerging new chemicals. 
(Moutschen, 1985; Hoffinan, 1996). 
Chemical mutagenesis is a biological phenomenon during which 
chemical agents interact with the genetic material of a living cell (DNA, 
Chromosomes). The alterations induced may be both qualitative and 
quantitative leading to immediate and inherited modifications (mutations) of 
the genotype and phenotype. A mutagenic chemical may thus be identified 
by its property of inducing, either directly or indirectly by following 
metabolic activation, mutations, or increasing significantly the mutation 
rates above the spontaneous background levels. Mutations in germ cells may 
lead to abortion, congenital malformations or inherited diseases while, in 
somatic cells, these may be expressed as cell death, immunological 
impairment, inefficient tissue repair, premature aging or carcinogenesis. 
The first indication that a chemibal is a mutagen often lies in its 
chemical structure. Most mutagens contain substituent groups that can serve 
as "structural alerts" with regard to their mutagenicity and possible 
carcinogenicity. Potential electrophilic sites in chemical structures suggest 
mutagenicity, because such sites indicate reactivity with nucleophilic sites in 
DNA. Moreover, some agents that lack structural alerts may stimulate 
mutagenesis indirectly by mechanisms such as generation of free radicals 
that cause oxidative DNA damage, induce strand breaks and modified bases 
(Clayson,e?a/., 1994). 
The studies, relating to impact of genotoxic exposure in organisms, 
therefore, not only covers an attempt to elucidate the mechanisms involving 
direct changes caused to the genetic material, but also genotoxic effects and 
changes at the level of gene pool and population (Jha, 1998). Several testing 
protocols have been developed earlier, which permits evaluation of the 
mutagenic potential including estrogenic properties of various chemical and 
physical agents, (De serie et al, 1973; Fishbein, et al, 1970; Hollaender, 
1971; Legator, 1970). There is a particular concern about possible mutagenic 
properties of substances that regularly enter the human body (e.g. drugs, 
foodadditive, sprays, chlorinated hydrocarbons). It is essential that 
mutagenic screening be performed in mammalian and human cells to 
evaluate the nature and level of damage. 
The necessity of monitoring genotoxic agents in mammals using mice 
as a model has been forced by ever increasing use of industrial and 
agricultural chemicals, health hazard compounds and carcinogens. A large 
group of mutagenic chemicals comprise herbicides and pesticides. One such 
group of compounds that qualify for much attention is phenoxy acid 
derivates, viz. pentachlorophenol (PCP) and 2,4-dichlorophenoxy acetic acid 
(2,4-D). These are chlorinated phenols widely used in agriculture. 
Enviroamental coataminatioii of PCP. 
Pentachlorophenol (PCP) is primarily pollutant semivolatile, 
chlorinated phenolic compound. It is a man made substance, made from 
other chemicals, and does not occur naturally in the environment. At one 
time it was one of the most widely used biocides in the United States. Now 
the purchase and use of this is restricted to certified applicators. It is no 
longer available to the general public. 
Pentachlorophenol has two forms; pentachlorophenol and sodium 
salts of pentachlorophenol. The sodium salts easily gets dissolved in water 
but pentachlorophenol does not. PCP is a restricted-use insecticide, 
fungicide, moUuscicide, defoliant, herbicide, and wood preservative. It is 
common degradation product of lindane and hexachlorobenzene. 
PCP is a chlorinated hydrocarbon insecticide and fungicide. It is 
primarily used to protect timber from fungal rot and wood boring insects but 
it may also be used as preharvest defoliant in cotton, a general pre-
emergence herbicide and as a biocide in industrial water systems. It is a 
major product of metabolism of hexachlorobenzene in mammals. Data from 
animal studies indicate that the target organs for PCP are like to be kidney 
and central nervous system. lARC classified PCP in group 2B (the agent is 
possibly carcinogenic to humans). The classification is based on the 
inadequate human data and sufficient evidence of carcinogenicity in 
animals. Statistically significant increase in the incidence of multiple and 
biologically significant tumor types result (hepatocellular adenomas and 
carcinomas, adrenal medulla pheochromocytomas, and malignant 
pheochromocytomas, and / or hamangiomas) in both sexes of B6C3FI mice 
using two different preparation of pentachlorophenol. In addition a high 
incidence of two uncommon tumors (adrenal medulla pheochromocytomas 
and hemangiomas / hemangiosarcomas) was observed with both the 
preparations. 
The available genotoxicity data so indicate that pentachlorophenol 
may have some genotoxic potential, but the evidence for this is not 
conclusive. The PCP is a substance whose widespread use is found, mainly 
in wood protection and pulp and paper mills, and has led to an substantial 
environmental contammation. This, in turn, accounts for a significant 
exposure to human population, with rather high exposure levels being 
attained in occupational settings. Earlier investigations on the genotoxic 
activity of PCP have given rise to contrasting results, which would seem to 
make the evaluation difficult. By grouping them together the mechanism 
underlying the pentachlorophenol, carcinogenesis in the mouse may be 
unknown but it may relate, however, to reactive oxygen species generation 
during PCP metabolism. PCP is metabolized to tetrachloro-1,4-
benzoquinone and tetrachloro-l,2-benzoquinone via the corresponding 
semiquinones (Van omen et al, 1986, Lin et al, 1999). Redox cycling 
associated with the oxidation of tetrachlorohydroquinone and / or the 
reduction of tetrachloro-1, 4-benzoquinone to semiquinones generates 
oxygen radicals. This cascade has been reported to increase the 
concentration of the hydroxyl radical- derived DNA lesion, such as 8-
oxodeoxyguanosine (ohdG), in the livers of mice treated with PCP and 
tetrachlorohydroquinone, (Carstens et al, 1990; Dahlhaus et al, 1994; Naito 
et al, Sai-Kato et al, 1995; Umemura et al, 1996). In addition, the 
formation of direct DNA adducts by the quinonoid metabolite terachIoro-1, 
4-benzoquinone has been reported in the liver of BeCsFi mice treated with 
multiple doses of PCP. (Bodell and Pathak, 1998). The proposed pathway 
for the generation of reactive oxygen species during PCP metabolism is as 
follows : 
PCP is metabolzed to quinoils [i.e. terachlorocelechol CI4CAT) and 
tetrachlorohydroquinone (CI4HQ)] which undergo auto-oxidation and or 
enzyme-medicated oxidation to the corresponding semiquinones 
[tetrachloro-l, 2-benzozemiquinones (CI4-I, 2-SQ) and tetrachloro-1,2-
benzosemiquinones (Cl4-1,4-SQ) and quinones [i.e. tetrachloro-l,4-
benzoquinone (CI4-I, 2-BQ)] and tetrachloro-l-4-benzoquinone (CU-M-
BQ). Subsequent reduction of quinones to semiqumones initiate redox 
cycling cascades and generates reactive oxygen species (H2O2), which 
induce oxidative DNA damage. Additionally PCP, quinones and 
semiquinones are capable of reacting with genomic DNA to form direct 
DNA adducts. 
CLINICAL EFFECTS: 
Summary of Exposure 
a) Pentachlorophenol is toxic by ingestion, inhalation, which skin 
absorption abuse may be fatal. This compound readily penetrates the 
skin. The pulmonary route of exposure may be most toxic to adults. 
b) Prolonged or frequent contact with either solution or dust may cause 
dermatitis or systemic symptoms including damage to the circulatory 
system and the heart. Hyperpyrexia and cardiac failure are common 
reactions during overdose. 
c) Acute poisoning is marked by dermatitis, weakness tachypnea, 
poljoiria followed by oliguria, seizures and rapidly progressing 
comma in severe cases. Hyperthermia is the major factor leading to 
death following a fatal exposure in humans. Death may occur within 
a few hours, following absorption. 
d) Chronic poisoning may produce anorexia, weight loss, weakness, 
dizziness, headache and anxiety. 
e) Serious exposure may leave sequelae including impaired autonomic 
nervous fimction, circulation, visual change, and acute type of 
scotoma. 
Chronic Exposure 
Chronic exposure can cause liver and kidney injury. 
Vital signs 
Heent (Acute Exposure) 
Alight mydriasis, corneal opacity, and corneal numbness may occur 
after exposure to concentrations of dust or spray. 
Cardiovascular (Acute Exposure) 
Cardiac dilatation, tachycardia, and heart failure have been reported. 
Severe intoxications may resuh in initial tachycardia and tachypnea, 
followed by hypotension. 
Pentachlorophenol is a halogenated solvent and theoretically may 
sensitize the heart to catecholamines, increasing the risk for dysrhythmias. 
Respiratory (Acute Exposure) 
Bronchitis and tachypnea are common symptoms of intoxication both 
in animals and humans. 
Neurologic (Acute Exposure) 
In severe intoxications, a rapidly progressing and profound comma 
may occur. 
Seizures may occur following significant exposures. Dizziness and 
headache are common results following subchronic exposures or small acute 
exposures. 
Dizziness and headache are the common effects following subchronic 
exposures or small acute exposures. 
Gastrointestinal (Acute Exposure) 
Anorexia, inflamed gastric mucosa, and GI upset may occur. 
Hepatic (Acute Exposure) 
Centrilobular necrosis has occurred in fatalities. 
Genitourinary (Acute Exposure) 
Renal tubular degeneration has occurred in fatalities. 
Acid-Base (Acute Exposure) 
Metabolic acidosis may occur in severe cases. 
Hematologic (Acute Exposure) 
Anemia and hemolysis may occur in intoxication. 
Dermatologic (Acute Exposure) 
Irritation and dermatitis generally occurs with concentrations greater 
than 10%. 
Musculoskeletal (Acute Exposure) 
Severe poisoning may result in muscular collapse followed by death 
and rapid rigor mortis. 
Rhabodomyolysis may result when ATP stores are depleted. 
Endocrine (Acute Exposure) 
(a) Hyperglycemia and glucosuria occurred in animals. 
Carcinogenicity lARC Category 
lARC Carcinogenicity Ratings for CAS87-86-5 (lARC, 2004): 
Not Listed 
Other (Acute Exposure) 
Profound rigor mortis is common immediately after death. 
2,4-dichorophenoxyacetic acid (2,4-D) 
2,4-D is a member of chlorinated phenoxy family of herbicides and 
was the first successful selective herbicide developed. It was introduced in 
1946, and rapidly became the most widely used herbicide in the world and 
function as a systemic herbicide and is used to control many types of broad 
leaf weeds. Its major use in agriculture includes wheat and small grains, 
com, rice, sugarcane etc. The predominant uses of 2,4-D include post-
emergence weed control in agricultural crops. It is also used for the control 
of aquatic vegetation (weeds). After 50 years of use, 2,4-D is still the third 
most widely used herbicide in the United States and Canada. Presently, 2,4-
D is the most thoroughly researched herbicide in the world. The phenoxy 
acid groups of herbicide are probably one of the widest used herbicide in the 
world. In US, it is third and in the UK it is sixth most used herbicide. A 3100 
tonnes of 2, 4-D was used annually in mid of 1990's in the US. It is also 
used widely in developing counties. India for example, used 1300 tones 
during 1994-95. It is a respectively restricted used pesticide (RUP) in the 
US. 
The UK advisory committee on pesticides evaluation of ACP has 
highlighted a large number of major data gaps, covering human effects, 
aquatic and wider environmental risks. 
Mechanism of Action of 2,4-D 
Chlorophenoxy herbicides are widely used. Structurally they consist 
of a simple aliphatic carboxylic acid moiety attached via an ether linkage to 
a chlorine (and in some cases, methyl substituted aromatic ring). The most 
commonly used herbicide of this class is 2,4-dichlorphenoxyacetic acid (2,4-
D). In vivo, the salt and esters of chlorophenoxy compounds are dissociated 
or hydrolyzed rapidly, therefore, the toxicity of each compound depends 
principally on the acid form of the pesticide (Charles et al, 1996). These 
herbicides bind strongly to serum albumin (Rosso et al, 1998; Koscher et 
al, 1979) and the extent depends on chemical structure. Increased length of 
the acid chain and increased substitution of the aromatic ring favor binding. 
The precise mechanism of the toxicity of chlorophenoxy herbicide has not 
been elucidated completely. However, experimental studies indicate the 
potential involvement of the following mechanism: 
(i) Effects associated with the plasma membrane 
(ii) Interference in cellular metabolic pathway involving acetylcoenzyme 
A (acetyl CoA). 
(iii) Uncoupling of oxidative phosphorylation (potentially as a 
consequence of or following disruption of intracellular membrane by 
the herbicide 2,4-D at higher concentrations 10-1000 jiM; 2.2-220 
mg/L) increase bilayer width and cause deep structural perturbations 
of the hydrophobic region of model membrane systems (Suwalaky 
et al, 1996). The high concentrations also damage human erythrocyte 
cell membrane; electrons microscopic examinations revealed a dose 
dependent change in shape to a spiny (echinocyte) configuration with 
numerous surface blebs and spinules. In addition to the direct 
structural plasma membrane damage, chlorphenoxy herbicides have 
also been shown to disrupt cell membrane transport mechanism. The 
2, 4-D induced inhibition of ion channels has also been demonstrated, 
with the potential to severely direct the regulation and maintenance of 
cellular functions. It has been shown to inhibit the 
compartmentalization of Ca^ ^ in rat muscle tissue leading to a long 
lasting and finally irreversible activation of the actin-myosin system 
and degeneration of myofibrils. One of the consequences of 
disruption of plasma membrane is of direct cytotoxicity. Due to its 
central role in the metabolism of Xenobiotics, the limit is potentially 
vulnerable to the toxic effects of these herbicides. The 2, 4-D 1-10 
mM (220-200 mg/L) has been shown in vitro to induce dose 
dependent hepatocytotoxicity (Palmeira et al, 1994). The depletion 
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of hepatic protective compounds such as glutathione and protein 
thiols has also been demonstrated in vitro (Palmeira et al., 1994; 
Palmeira et al, 1995) and there is evidence for the occurrence of lipid 
eroxidation (Pahniera et al, 1995). The formation of acetyl Co-A is 
an important step in several biochemical pathway. It is used in acetic 
acid cycle in the synthesis of fatty acids as well as lipids and in the 
synthesis of cholestrol and ultimately steroid hormones, Acetyl Co-A 
also reacts with choline to produce the neurotransmitter acetylcholine. 
The 2,4-dichlorophenoxyacetic acid is structurally related to acetic 
acid and is able to form analogues of acetyle Co-A i.e. 2,4-Co-A, 
(Sastry et al, 1995; Sastiy et al, 1997). The formation of such 
analogues has the potential to disrupt several cellular metabolic 
pathways involving acetyl-Co-A. For example, analogues can enter 
the acetylcholine (ACh) synthetic pathway, with subsequent 
formation of choline esters viz. 2, 4-D ACh (Sastry et al., 1995; 
Sastry et al., 1997) which may act as false cholinergic messengers at 
muscarinic an nicotinic synapses. Chlorophenoxy derivatives of Co-A 
could alternatively enter other acetyl-CoA metabolic pathways and 
interfere with energy metabolism and with utilization of two carbon 
fragments in the citric acid cycle. Chlorophenoxy herbicides have 
been shown to alter serum cholestrol levels (Vainio et al 1983) and 
increase P- oxidation of fatty acids (Hietanen et al, 1985). 
Chlorophenoxy herbicides may alter energy metabolism in 
mitochondria rat cell lines by uncoupling oxidative phosphorylation 
(Zychlinski et al, 1990; Palmeira et al., 1994) possibly by disruption 
of phospholipid and the layer of mitochondrial membranes. Electrons 
microscopic studies have demonstrated swelling and degradation of 
muscle mitochondria following 2, 4-D administration (Heene et al, 
1968). Severe and rapid depliction of adenosine triphosphate (ATP) 
has been demonstrated, consistently with this uncoupling mechanism. 
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(Palmeira et al., 1995). A variety of cellular activities thus 
compromise the ability of the cell to maintain ionic gradients through 
the function of ATP dependent translocases (e.g. Na^ / K^ AT Pase); 
DNA and protein synthesis; and the polymerization of microfilaments 
and microtubules, leading to a disruption of the cytoskeletal spectral 
system and maintenance of cell receptor. The 2, 4-D also increases 
potassium influx. 
Clinical Effects (Acute Exposure) 
Acute ingestion- Meiosis, comma, fever, hypotension, emesis, 
tachycardia, bradycardia, ECG abnormalities, muscle rigidity, possible 
respiratory failure, pulmonary edema, ad rhabdomyolysis may occur. 
Pathophysiologicaly, these agents are primarily irritants, but one case 
of degenerative brain cell change and CNS toxicity has been reported. 
Vital signs Heent (Acute Exposure) 
Eye, nose, and mouth irritation are possible with direct contact. 
Cardiovascular (Acute Exposure) 
Ingestion of large amounts may cause bradypnea, respiratory failure, 
hyperventilation, or pulmonary edema. 
Neurologic (Acute Exposure) 
Low dose exposure- vertigo, headache, malaise, and paresthesias may 
occur depending on the specific compound involved. 
High dose exposures- Muscle twitching, spasms, profound weakness, 
polyneuritis, and unconsciousness may occur depending on the specific 
compound involved. 
Indiosyncratic reactions- Peripheral neuropathies 
Gastrointestinal (Acute Exposure) 
Nausea, vomiting, and diarrhea have been reported. Necrosis of the 
gastrointestinal mucosa has been reported. 
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Hepatic (Acute Exposure) 
Elevated LDH, AST (SGOT), and ALT (SGPT) have been reported. 
Genitourinary (Acute Exposure) 
Albuminuria and porphyria may occur; renal failure due to 
rhabdomyolysis is also possible. 
Fluid-Electrolyte (Acute Exposure) 
Ingestion of 2, 4-D has produced hypocalcemia, hyperkalemia, and 
hypophosphatemia. 
Hematologic (Acute Exposure) 
Thrombocytopenia is the primary hematologic effect. Leukopenia has 
also been reported. 
Dermatologic (Acute Exposure) 
Direct contact may cause skin irritation. Chlorodixin contamination 
of products may produce chlorane with heavy exposure. 
Musculoskeletal (Acute Exposure) 
Muscle cramps, muscle rigidity, elevated creatinine kinase, and 
rhabdomyloysis were reported after ingestion of MCPP. EMG abnormalities 
were described in a case of 2,4-D ester exposure. 
Endocrine (Acute Exposure) 
With poisoning / Exposure 
Hypoglycemia has been reported in cases of acute 2, 4-D poisoning. 
Animal studies showed decreased T3 and T4 levels, but this effect has not 
been reported in humans. 
Reproductive Hazards 
The chemical 2, 4-D and 2, 4, 5-T have caused adverse reproductive 
effects in experimental animals. Damage of human birth defects due to these 
compounds have not been confirmed. 
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Carcinogenicity (lARC Category) 
(a) lARC Carcinogenicity Rating for CAS 94-75-7 (lARC, 2004): 
Not Listed 
(b) lARC Carcinogenicity Ratings for CAS93-76-5 (lARC, 2004): 
Not Listed 
(c) lARC Carcinogenicity Ratings for CAS 94-74-6 (lARC, 2004): 
Not Listed 
(d) L\RC Carcinogenicity Ratings for CAS93-65-2 (lARC, 2004): 
Not Listed 
Human Overview 
Human studies show conflicting results. Some studies have suggested 
a relationship between chlorophenoxy herbicides and both the soft tissues 
viz. sarcoma and non-hodgkin's lymphoma, while others have not. 
Animal Overview 
Animal studies are limited, but have generally been contra indicatory. 
In addition to the number and the range of these data gaps, there is 
continued concern about its long term adverse effects on human health and 
water pollution (Source : Extoxnet Fact sheets 1998; EDA fact sheet, 1996; 
Pesticide News, 1997; Tomlin 1995; Seller, 1978; Gabrant and Philbert, 
2002). 
Objectives 
The main objectives of the present studies are : 
1. Evaluation of genotoxicity of PC? and 2, 4-D in chromosomes, DNA 
and the liver of mice (Mus musculus). 
2. Evaluation of genotoxicity through various biochemical alterations in 
liver enzymes ultimately affecting the DNA. 
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The present objective will be achieved by using following 
parameters. 
Cytogenetic Studies: 
Cytological end point test like chromosomal aberrations and 
micronuclei formation are very sensitive genetic assays for detecting 
genotoxic, chemical and environmental mutagens at subtoxic levels. The 
two tests will be used in cytogenetics and immunization. For chromosomal 
aberration study, preparation from the cells of bone marrow can be made in 
exposed specimens against the appropriate controls while for MNT 
preparations, bone marrow cells are selected, followed by staining in the 
May Grunewald stain. 
Biochemical Studies 
Biochemical studies are achieved through performing various assays 
like lipid peroxidation, measurement of reduced glutathione, activities of 
alanine transaminase and asparate transaminase, DNA damage, through 
agarose gel electrophoresis and fluorescence. The target organ used for these 
experiment is liver homogenate except AST and ALT, whereby the assay is 
carried with serum; a somewhat cleaner picture, allowing finally an 
admittedly tentative assessment can be obtained. 
PCP does seem to be a weak inducer of DNA damage, it produces 
neither DNA strand breaks nor it shows clear differential toxicity to bacteria 
in rec-assays in the absence of metabolic activation. Also for SCE induction, 
no increase can be observed in vivo, while PCP is found marginally active in 
a single dose in vitro experiments. Metabolic activation, however leads to 
prophase induction and to DNA strand breaks in human lymphocytes, 
presumably through the formation of oxygen radicals. A possible further 
exception in this area might be the positive results in the yeast 
recombination test, although their inadequate reporting makes the full 
evaluation difficult PCP does not seem to induce gene (point) mutations, in 
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most bacterial assays, the Drosophila sex-linked recessive lethal test and in 
vitro assays with mammalian cells did not demonstrate any effects. 
Marginally positive results were obtained in the mammalian spot test in vivo 
and in one bacterial test the positive results in the yeast assays for 
cycloheximide resistance is fraught somewhat with its questionable genetic 
basis. 
PCP does, however, induce chromosomal aberrations in mammalian 
cells in vitro and in lymphocytes of exposed persons in vivo. Those in vivo 
results that were unable to provide evidence of chromosomal damage, are 
hampered either by methodological inadequacies or by too low exposure 
levels. The (rodent) metabolite tetrachlorohydroquinone might be a real 
genotoxic agent, capable of binding to DNA and producing DNA strand 
breaks, this activity is probably due to semiquinone radical formation and 
partly mediated through reactive oxygen species. Since this compound has 
not been tested in the common bacterial and mammalian mutagenecity 
assays, the few ancillacy results on this substance cannot be used in the 
meaningful human risk assessment of PCP. Furthermore, this metabolic 
change has only been produced by human liver microsomes in vitro, but has 
not been detected in exposed humans, in vivo (Seiler, 1991). 
PCP is in the list of pesticides banned for manufacture, import and 
use in India by Ministry of Agriculture, Government of India (Anonymous, 
Shashpa, 2002). 
Source: Extoxnet fact sheet, 1998; EPA pesticide fact sheet, 1996; 
Tomlin, 1995; Seiler, 1991. 
The CA are induced by agents that damage the chromosomal DNA 
(Singer et a/., 1983; Natarajan, 1976; Robert, 1978). Experimental analysis 
have shown that DNA double strand breaks (DSB) are principal lesions in 
the process of CA formation (Bryant, 1998; Natarajan, 1978; Obe, 1992). 
The agents causing chromosome breaks can damage the genetic apparatus 
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and are termed as clastogens, while those leading to alterations in the 
number, mainly affects the spindle and are called mitotic poisons (Sharma, 
1984). 
The pioneering studies of Howard and Pelc (1951) in early 1960, 
demonstrated that between two mitosis", the intervening interphase has three 
phases designated as Gl (pre DNA synthetic), S (DNA synthesis) and G2 
(post DNA synthetic). Ionization radiations induce chromosomal type of 
aberration in GI, and chromatid type of aberration in G2 and most of the S 
phase. However, chemical mutagens which do not induce directly DNA 
strand breaks, but cause other lesions, were shown to induce only chromatid 
type of aberrations irrespective of the DNA synthetic stage treated. An 
mtervening S phase is necessary to visualize aberrations. On the basis of 
chromosome breaking agents (clastogens), they can be classified as S 
dependent and independent agents (Kihlman, 1977) 
As far as structure-activity relationship among the alkylating agents is 
concerned, bi-functional agents are more efficient than monofunctional ones 
in inducing chromosomal aberrations, as the former is characterized by their 
reactivity to nucleophilic centers in DNA (Swain et al, 1953). There are 
several other types of chemicals, with diverse modes of action, which can 
effectively induce chromosomal aberrations. These include inhibitors of 
oxyribonucleotide synthesis, denaturation and degradation of DNA, 
production of labile DNA by chemical reaction, and /or incorporation of 
abnormal precursors and removal of DNA bound metals (Kihlman, 1966). 
The alterations of chromosome carrying DNA (genes) morphologically and 
numerically, result in quantitative alterations or rearrangements of genes 
have been substantially studied in a variety of fields (Soflini, 1992). 
Cytogenetic assays use microscopy for direct observation of the effect of 
interest. In traditional cytogenetic assays, metaphase analysis is used to 
detect chromosomal anomalies, especially chromosome and chromatid 
aberrations. 
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A key factor in the design of cytogenetic assay is to obtain 
appropriate cell population for treatment and analysis. (Kirkland et al, 
1990).Cells with suitable well-defined karyotype, a short generation time, a 
low chromosome number and large chromosomes are ideal for cytogenetic 
analysis. The mammalian in vivo CA test have been successfully used for 
the detection of structural aberrations induced by test substance in the bone 
marrow cells of animals-usually rodents, (Adler, 1984; Preston et al, 1987; 
Richold et al, 1990; Tice et al, 1994). In fact, the CA test using cultured 
mammalian cells is one of the sensitive methods to predict environmental 
mutagens or carcinogens and is considered as complementary test to the 
Salmonella microsome assay (Ames test) by some workers (Ishidate et al, 
1998). The main advantage of in vivo assay is that they include mammalian 
metabolism, DNA repair and pharmacodynamics. Effective testing requires 
dosage and routes of administration that ensure adequate exposure of the 
target cells, proper intervals between treatment times and collection of cells, 
and sufficient number of animals and cells scored (Kirkland et al, 1990). 
The lARC has classified PCP in the group 2B (the agent is possible 
carcinogen to humans), on the basis of inconclusive evidence of 
carcinogenicity in humans but sufficient incidence in experimental animals. 
This conclusion is based on animal studies that showed an increased risk of 
cancer in the liver and adrenal gland of mice. 
The available genotoxic data indicate that pentachlorophenol may 
have some genotoxic potential, but the evidence for this is not conclusive. 
The PCP being wide spread in use, mainly in wood protection, pulp, and 
paper mills have led to the substantial environmental contamination. This, in 
turn accounts for a significant exposure of general human population, with 
rather high exposure levels being attained in occupational settings. Early 
investigation on genotoxic activity of PCP has given rise to divergent 
results, which would seem to make an evaluation difficult. By grouping 
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them in three categories, a somewhat clear picture, allowing finally an 
admittedly tentative assessment can be obtained. 
The PCP does seem to be a weak inducer of DNA damage, it 
produces neither DNA strand breaks nor clear differential toxicity to bacteria 
in rec-assay in absence of metabolic activation. Also in SCE induction no 
increase can be observed in vivo, while PCP is found marginally active in a 
single in vitro experiments. The PCP is an important pesticide which is 
ubiquitously present in our environment and it is possibly a clastogen 
suggested to lack genotoxic properties (Seller, 1991; (Williams, 1982; 
Seller, 1991; Ahmad and All 1996), in spite of its extensive studies in 
bacteria (Shirasu, 1976; Demarine et ai, 1990; Fahrig, 1978) and in Chinese 
Hamster cells (Jansson and Jansson, 1986; Hattula and Knuutinen, 1985). 
The results are found to be contradictory. 
Some carcinogenic studies on PCP appeared in mice (Gold et ai, 
1984; lARC, 1990) and plant system Allium cepa (Pavlica et ai, 1999; 
Ateeq et al, 2002) including man, where significant CA was observed in 
lymphocytes of PCP exposed workers (Bauchinger et al, 1982). 
For the other herbicide called 2,4-D, a number of assays were 
considered for measuring different end points. Seller (1978) reported mixed 
results in some systems. A very recent review on this compound observed 
that genotoxic and mutagenic potential in both in vivo and in vitro systems 
are lacking (Gabarant and Philbert 2002), despite the fact that many authors 
noted the cytogenic effect of 2,4-D. It was able to induce CA in meiosis of 
Viciafaba (Amer and Ali, 1974) and barley, Hordeum vulgare (Kumari and 
Vaidyanath, 1989). In mitotic cells also, the 2,4-D induced CA in Allium 
cepa (Tomkins and Grant, 1976; Khalatkar and Bhargava, 1982; Ateeq et 
al, 2002). In somatic cells of Drosophila, both positive and negative results 
emphasized the fact that the matter needs to be resolved for conclusive 
results (Graf and Wurler, 1996). 
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Although 2,4-D induced CA in human peripheral blood lympocyte 
culture in vitro (Mustonen, 1986) and was found to be genotoxic in bone 
marrow of rats (Adhikari and Grover, 1988) and the mouse, where an 
increase in the aberration frequency is reported (Pilinscaya, 1974), other 
investigations failed to show substantial increase in aberration frequency in 
bone marrow cells or in micronucleus test in mammalian test systems 
(Jenssen and Renberg, 1976; Charles et al, 1999; GoUupudi et al, 1999). 
With recent studies of 2,4-D induction of sister chromatid exchange in 
somatic as well as germ cells of mice, (Madrigal- Bujaidar et al, 2001) and 
the study on CA in mouse bone marrow (Amer and Aly , 2001) the results 
are found to be positive. 
MICRONUCLEUS TEST 
Technical innovation including versatility of cytogenetic techniques 
as research tools and the growing imperative that the toxicity of the 
chemicals are assessed before they are introduced into the environment, can 
form the primary basis for development of the prime field which holds great 
promise for the rapid evaluation of potential toxicity of mutagenic chemicals 
in the diverse components of biosphere. The cytogenetic techniques like 
chromosome aberration by metaphase analysis is time-consuming and 
requires considerable skills, so there is an interest in the prospectus of 
developing similar cytogenetic assays. As an alternative to this classical 
metaphase analysis, the frequency of occurrence of micronuclei in treated 
cells provides a comparative rapid and sensitive indication of both 
chromosomal masses with the appearance of small nuclei that arise from 
chromosomes lagging at anaphase or from acentric chromosomal fragment. 
The first serious attempt to use micronuclei as a monitor of 
cytogenetic damage appears to be the work of Evans et al, (1959). He 
showed that the frequency of MN as an effect of ionizing radiations on plant 
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root tip cells was proportional to radiation dose and quality. Subsequently, 
Schroeder (1970) recommended the use of bone marrow smears to detect in 
vivo damage from chemical mutagens and demonstrated the occurrence of 
micronuclei in bone marrow cells in concentration with cytogenetic damage. 
In 1970, Schmid and co-workers and Heddle initiated studies to 
determine which parameter might serve as the most useful indicator of 
cytogenetic damage in bone marrow in vivo (Schmid and Staiger, 1969; 
Boiler and Schmid, 1970; Matter and Schmid, 1971; Schmid et al, 1971; 
Arakaki and Schmid, 1971; von Ledebur and Schmid, 1973; Matter et al, 
1973; Heddle, 1973). 
This work has led to the conclusion that incidence of micronucleated 
polychromatic erythrocytes (PCEs) was a particularly useful index of in vivo 
bone marrow cytogenetic damage (von-Ledebur and Schmid, 1973). This 
work of von Ledebur and Schmid is of particular importance as it led 
directly to the development of simpler in vivo test based on the identification 
of micronuclei in the PCEs of mouse bone marrow and is now known as the 
micronucleus test (Schmid, 1976). 
Since micronuclei results from cytogenetic damage in many kinds of 
proliferating cells, there is no single micronucleus. Nonetheless, spread 
acceptance. The increasing use of various micronucelus assays since 1973 
undoubtly comes from the primary advantage of speed and simplicity of 
scoring micronuclei, demands less expertise, and is more rapid than the 
scoring of structural aberrations in proliferating cells. Secondly, micronuclei 
persist for varying length of time after their formation so that they can be 
analyzed in non-dividing descendents of proliferating cells. And lastly, 
micronuclei are produced not only by a consequence of exclusion from 
daughter nuclei of acentric fragments and from broken chromosomes at time 
of cell division, but also from whole chromosomes which may be excluded 
as a consequence of damage to centromere, centriole or the protein 
components of mitotic spindles (Evans, 1988), 
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Bone marrow is convenient tissue for cytogenetic analysis, because 
its inherent high turnover of cells obviates the need for external stimulation 
or accumulation of dividing cells. The preparation of bone marrow smears is 
technically simple and large population of cells is easily obtained within 
bone marrow, various cells types have been used for micronucleus scoring 
(Matter and Schmid, 1971; Heedle, 1973; Matter and Graunwiler, 1974). But 
the remarkable work of von Ledebur and Schmid (1973), led to an 
increasing trend and almost universal selection of PCE as the cells of choice. 
These cells are newly formed erythrocytes. 
The PCEs are cells that have recently undergone DNA synthesis and 
mitosis and are therefore easily distinguished by their color from any other 
cells on the slide. This feature is important is establishing that increase in the 
incidence of micronuclei result from damage that occurred during time 
treatment. The PCEs are also somewhat larger and tend to have more 
diffused boundaries than the Red blood cells (RBCs). Mice is chosen species 
because they have been used most commonly although other species have 
also been used successfully (Matter and Schmid, 1971; Goetz et al, 1977) 
Nevertheless, most of the experience upon which the standard protocols are 
based was obtained only in mice. Unless known metabolic or other 
differences indicate for other species, the mouse is preferably the species of 
choice. 
PCP is shown to have genotoxic properties in some of the systems. 
Few results are contradictory (Seller, 1991) while some confirm PCP 
toxicity to mammalian cells (Jensson or Jensson, 1991) and to aquatic 
organism (Klubucar et al, 1997; Fisher, 1990; Stephenson, 1991). 
Furthermore, it has been found to be genotoxic in higher plant cells, and its 
effect on mitosis and DNA synthesis have been analyzed in Nigella sativa 
(Chand, 1980). In Allium root tip, chromosome aberration assay due to PCP 
has confirmed the same result (Pavlica et al, 1999; Ateeq et al, 2002). It is 
equally mutagenic in bacteria and mice (Fahrig et al, 1978). In human 
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lymphocytes, chromosomal anomalies are found to be greater than the 
controls (Bauchinger et al, 1982) while observations by Pavlica et al, 
(2000) noted micronuclei in haemocytes of zebra mussels and great 
ramshom snail exposed to PCP in a concentration of 100 ^g/1 and 150 ^ ig/l. 
Ahmad et al (2002) reported an in vivo effect of PCP in the cat fish H. 
fossilis, where significant increase in micronuclei frequency was observed 
by manual and automated method. All these studies indicated genotoxic 
effects conclusively. 
On the other hand evidence for genotoxicity of 2,4-D is also provided 
by some test in other systems inspite of negative and inconclusive results 
(Seller, 1978). In Ames Salmonella typhimurium assay system mixed 
positive response were obtained using various strains (Kappa, 1988). 
Microbial studies on E. coli and B. subtilis as the model organism gave 
negative results (Klopeman, 1985) though for E. coli a weak as well as clear 
positive results were described thereafter (lARC, 1986; Venkat et al., 1995). 
In mammals including human beings, many authors reported the cytotoxic 
effect of 2,4-D, induced CA in human peripheral lymphocytes in culture 
(Mustonen et al, 1986; and Grover, 1988). In addition 2,4-D was found to 
increase the bilayer width of the model membrane system in human 
erythrocytes making echinocytes (Suwalksky et al, 1996). The 2,4-D 
significantly increased the frequency of CA and sister chromatid exchange 
(SCE) in mouse bone (Amer and Aly, 2001; Madrigal-bujaidar et al, 2001). 
However, another micronucleus assay on 2,4-D and seven of its salts 
and esters in mouse bone marrow cells revealed lack of genotoxic and 
carcinogenic potential (Charles et al, 1999) while in Culex pipiens fatigans 
(Ahmad and Ali, 1996) positive results were obtained and a significant 
increase of MN frequency with some form of altered erythroctes in 
freshwater fish C. batracus (Ateeq et al, 2002) were observed. Earlier, 2,4-
D poisonmg provoked disruption of heamatopoitic tissue components in 
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Tinea tina (Gomez et al, 1998). In plant system, 2,4-D was also know to 
induce CA and morphological alteration of roots. 
The mechanism of depressed adenosine triphosphate (ATP) has been 
suggested to be the cause of abnormal forms of erythrocytes in fish. A report 
on dichlorophenoxy herbicides has emphasized on uncoupling of oxidative 
phosphorylation and disruption of acetyl co-enzyme A metabolism 
(Bradberry et al, 2002). Consequently, a depletion results with regard to the 
level of adenosine triphosphate and cation pump of the cell. The cation 
pump oT the cell using ATP as an energy source breaks down, allowing an 
influx of sodium chloride, calcium and water (Hendricks and Mayer, 1985). 
Further, cellular cytoplasmic content and vacuolization as a consequence to 
overcome stress is induced by 2,4-D. It was proposed that higjier 
concentrations of 2,4-D (10-1000 i^m to 220|xg) increased bilayer width and 
caused deep structural perturbations of hydrophobic region of model 
membrane systems. The 2,4-D also inhibits the ion channels with the 
potential to severely disrupt the regulation and maintenance of cellular 
functions (Dux, 1977). 
Some physiological and molecular studies have been made to explain 
important cytoplasmic changes. The characteristic shape and stability of the 
erythrocyte plasma membrane was due to spectrin tetramers and also actin 
and band 4.1 (Branton, 1981) protein. The anion exchange protein band 3 
associated with the shape has shown to act by contracting and relaxing the 
skeleton through folding and unfolding of spectrin in echinocytosis. 
On technical side, attempts have been made to improve the sensitivity 
of MN assays. Technical innovations in mammalian system are also aimed 
at improving the sensitivity and reproducibility of MN assay. The 
development of the cytokinesis block method is one such approach. This 
technique enables MN to be scored in binucleated cells that have recently 
gone through cell division, since addition of cytochalasin B inhibits 
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cytokinesis (Fenech and Merely, 1986). The hepatic MN assay have been 
developed in rodents (Tates et al, 1980). 
BIOCHEMICAL PROCESS 
Enzymes are proteins that speed up chemical reaction of specific 
molecules. A pesticide that interferes with an enzymatic process can prevent, 
slow down or speed up a chemical reaction within a cell. Enzymatic 
mterference can lead to toxic response by a cell, tissue, organ or system. 
Critical cellular components (e.g. DNA, hormone receptors, energy 
producing chemical, nerve impulse transmitting chemicals and cell 
membrane transport system) can interact with pesticides to produce harmful 
effects. Physiological and biochemical alterations, if severe enough will 
eventually result into morphological alterations or structural modification 
followed by functional changes. The liver is often the target organ of 
chemically induced tissue injury due to its role in biotrasnformation of 
xenobiotics and its unique position within the circulatory system (Hinton 
and Lauren, 1990). It is well known that PCP causes uncoupling of oxidative 
phosphorylation (Wenbach and Garbus, 1965) which causes a reduction in 
the ATP (Fisher, 1990). This step can inhibit the cell cation pump, allowing 
an influx of sodium chloride and calcium into the cell (Fawthrop et al, 
1991). On the other hand appoptosis depends on Ca levels in the cell, the 
higher the Ca^ ^ level the higher the appoptosis (Fawthrop et al, 1991, 
Trump, 1996). The mechanism underlying PCP carcinogenesis in the mouse 
is unknown but may relate to reactive oxygen species generation. ROS are 
known to be toxic to cells and tissues. The noxious consequences of ROS 
are manifold and extend fi-om the initiation of lipid peroxidation to the 
interference with the various biochemical processes of the body. 
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Oxidative damage to lipid: The interaction of free radicals with 
polyunsaturated lipids has been extensively documented. Lipid peroxidation 
(LPO) result into the oxidative breakdown of unsaturated fatty acids. 
Oxidizing radicals readily attack cell membranes since they are rich sources 
of polyunsaturated fatty acids (PUFAs). The LPO involves three distinct 
steps; initiation, propagation and termination. The initiation reaction 
between an unsaturated fatty acid and hydroxyl radical involves the 
abstraction of H atom from the methyl vinyl group of the fatty acids (L + 1) 
forming a resonating structure. The resulting carbon centered (L )^ resets 
rapidly with O2 to form a peroxyradical (LO2). The LO2 can itself attract an 
H from a PUFA, leaving a carbon centered radical and a lipid hydroperoxide 
(LOO"'). The free radical chain propogates until the two free radicals destroy 
each other to terminate the reaction. The peroxyl radicals (LOO) are the 
carriers of chain reaction and can fiirther oxidize PUFA molecules to initiate 
new chains, producing more LOO^V 
LH + R -)• RH + L* (initiation) 
L * + 0 2 ^ LO2 (propagation) 
LO2 + H ^ LOOH 
L*+L' -^ L (termination) 
The lipid hydroperoxide (LOOH) is unstable in the presence of Fe or 
other metal catalysts because LOOH will participate in the Fenton reaction 
leading to the formation of reactive alkoxy radicals. Therefore, in presence 
of Fe, the chain reactions are not only propagated but also amplified. Among 
the degradation products of LOOH, there are aldehydes, such as 
malondialdehyde, and hydrocarbons (such as ethylene and ethane) that are 
commonly measured as end products of lipid peroxidation. 
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Oxidative damage to proteins : 
Oxidative attack on proteins results in site-specific amino acid 
modification, jfragmentation of the peptide chain, aggregation of cross-linked 
reaction products, altered electric charge and increased susceptibility to 
proteolysis. Sulphur containing amino acids and the thiol groups 
specifically, are very susceptible sites. Activated oxygen can attract a H 
atom fi*om cystene residues to form a thiyl radical that will cross-link to a 
second thiyl radical to form disulphide derivatives. Histidine, lysine, proline, 
arginine and serine form carbonyl groups upon oxidation (Stadtman, 1986). 
The oxidative degradation of protein is enhanced in the presence of meta 
cofactors such as Fe that are capable of redox cycling. In these cases, the 
metal binds to a divalent cation-binding site on the protein. The metal then 
reacts with hydrogen peroxide in the Fenton reaction to form a hydroxyl 
radical that rapidly oxidizes an amino acid residues at or near the cation 
binding site of the protein (Stadtman, 1986). The site specific alteration of 
an amino acid usually inactivates the enzyme by destruction of the cation 
binding site. 
Oxidative damage to DNA 
Activated oxygen induce numerous lesions in DNA that causes 
deletions, mutations and other lethal genetic effects. Characterization of this 
damage to DNA has indicated that both the sugar and the base moieties are 
susceptible to oxidation, causing base degradation, single strand breakage 
and cross linking to proteins (Imlay and Linn, 1987). Degradation of the 
base will produce numerous products, including 8-hydroxydeoxyguanine, 
hydroxymethyl urea, thymine glycol, thymine and adenine ring opened and 
saturated products. 
Glutathione 
The tripeptide glutathione (r-glutamylcysteinyl glycine) is a 
sulphydryl (-SH) antioxidant, antitoxin and an enzyme cofactor. It has facile 
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electron donating capacity which is linked to its sulthydryl (-SH group). 
Gluthathione is an important water phase antioxidant and an essential 
cofactor for antioxidant enzymes, it provides protection also for 
mitochondria against endogenous oxygen radicals (Kosower, 1978; Meister, 
et al, 1976; Kidd, 1991; Lomaestro; 1995). Its high electron donating 
capacity combined with its high intercellular concentrations endows GSH 
with great reducing power, which is used to regulate a complex thiol 
exchange system (HL—SS). Intracellular GSH status appears to be an 
inactive indicator of cells overall health and off its ability to resist toxic 
challenge. The experimental GSH depletion can trigger suicide of for cell by 
a process known as apoptosis. (Duke et al, 1996; Sater et al, 1995). 
Glutathione synthesis occurs within cells in two closely linked, 
enzymatically controlled reactions that utilize ATP and draw on non-
essential amino acids as substrates. The GSH pool is drawn on for three 
major applications: (a) as a cofactor for glutathione S-transferases in the 
detoxication pathways, (b) as a substrate for the gamma-glutamyl 
transpeptidase enzymes which are located on the outer cell surface and 
which transfer the glutamine moiety from GSH to other amino acids for 
subsequent uptake into the cell, and (c) for direct free radical scavenging and 
as an antioxidant enzyme co-factor. The GSH transfers a large group of 
enzymes that conjugate GSH with fat soluble substances as the major feature 
of time detoxification. (Meister et al, 1995; Meister et al, 1994; Anderson, 
1997). Gluthione is an essential cofactor for antioxidant enzymes, namely 
GSH peroxidase and more recently described phospholipids such as 
hydroperoxide GSH peroxidase. (Zhang et al, 1989). The GSH peroxidase 
serves to detoxify peroxides (hydrogen peroxide and other peroxides) in the 
water phase by reacting them with GSH, the latter enzymes use GSH to 
detoxify peroxides generated in the cell membrane and other lipophilic cell 
phases (Cathcart, 1985). Enzymes collectively known as GSH 
transhydrogenases use GSH as a cofactor to re-correct dehydroascorbate to 
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ascorbate, ribonucleotides to deoxyribonucleotides and rarely to S-S-f^ SH 
interconversions. After GSH has been oxidized to GSSG, the recycling of 
GSSG to GSH is accomplished mainly by the enzyme glutathione reductase. 
This enzyme uses, as its sources of electrons, the coenzyme NADPH 
(nicotinamide adenine dinucleotide phosphate reduced). Therefore, NAD, 
coming mainly from pentose phosphate shunt is the predominant source of 
GSH reducing power. Through its significant reducing power GSH also 
makes major contribution to the recycling of other antioxidants that have 
become oxidized. 
This could be the basis by which GSH help to consume lipid- phase 
antioxidant such as alpha tocopherol (Vitamin E) and perhaps also 
carotenoids. Meister and his group used bulkarmine sulfoximine (BSO) to 
inhibit GSH synthesis in rodents and concluded from their findings that 
GSH almost certainly plays, such a role in vivo (Meister A, et al, 1994; 
Meister A, 1994; Anderson, 1997; Meister A, 1995). 
The liver seems to have two pools of GSH; one has a fast turnover 
(half-life of 2-4 hours) while other has a half-life of about 30 hours (Meister 
A, 1995). The first corresponds to cytotoxic GSH, the second mainly to 
mitochondrial GSH which is known to be more tightly held. 
When certain types of cells are damaged they may leak enzymes into 
the blood, where they can be measured as indicators of cell damage. Alanine 
aminofransferase is one such enzyme. It is markedly elevated in hepatitis 
and in case of other acute liver damage. The enzyme aspartate 
aminotransferase (AST) has similar role but is found in other tissues (Dufour 
et al, 2000). The ALT and AST are members of the transaminase family of 
enzymes. The AST and ALT are sometimes called glutamate pyruvate 
transaminase (GPT) and glutamate oxaloacetate transaminase (GOT) 
respectively. Transaminases also referred to as aminotransferases, facilitate 
certain chemical reactions within cells. 
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Biological systems possess certain enzymatic mechanisms which 
enable them to repair or eliminate genetic damage induced by damaging 
agents. Mutations may result from imperfect DNA replication, unrepaired 
DNA damage and error-prone DNA repair genetic damage has very little 
effect on the biological function of a system. Unrepaired or misrepaired 
DNA leads to changes in such physiological processes as cell growth, cell 
division, transcription, DNA replication, gene repression and derepression 
resulting in elevated C-AMP levels, decreased cellular respiration, cell death 
and malignant transformations. 
In mammalian cells, DNA repair processes can be grouped into four 
classes (Hart et al, 1977; Hart et al, 1979). 
(i) Excision or prereplication repair, 
(ii) Strand break repair, 
(iii) Post replication repair, and 
(iv) Photoreactivation 
Excision repair : It involves the removal of damaged DNA by a complex of 
enzymes. The damaged sequence is removed and repaired using the opposite 
strand as template. The extent of excision repair can be gauged by assaying 
removal of crown products and production of single strand breaks following 
excision. 
Strand break repair: Breaks in DNA strand following treatment with 
regents may result from (i) Alkali labile apurinic sites in DNA (ii) Alkali 
labile phosphotriester groups in alkaylated DNA, cellular metabolism, action 
of excision repair enzymes or, the direct action of chemical radicals. 
Induction of DNA single strand break in vivo appears to be mediated 
by the hydroxyl radical. This phenomenon can be utilized in protection 
against particular agent through the use of a radical "scavenger" which 
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would remove the available radicals. When single strand break occurs 
adjacent to one another or opposite to be DNA strands, a double strand 
break, is formed, the evidence of single or double strand break induced by a 
carcmogen and connected with corresponding lack of repair with any 
biological process, is almost absent. It is obvious however, that if such 
breaks were not repaired, they might interfere in DNA replication, leading to 
mutations. 
Post replicative repair : It involves the repair of newly synthesized DNA 
from a defective or damaged template. It is important only in cells actively 
synthesing DNA or the cells that were unable to excise all lesions from their 
DNA before the onset of DNA synthesis. The post replication stage is 
usually identified by observing the newly synthesized DNA from damaged 
template and contain gaps that disappear with time. 
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The protocols and relevant aspects of these experiments strictly 
follow the norms laid for genotoxicity testing (MAFF, 1988; EPAPAG, 
1984; EEC, 1987 & 1988; EDAFI, 1990; EPEPAG, 1991). 
The test organisms, test chemicals, preparation of stock solutions and 
experimental protocols follow: 
Test organization (EUerman, 1941) 
Classification 
Kingdom Animalia 
Phylum Chordata 
Class Mammalia 
Sub-class Eutheria 
Order Rodentia 
Sub-order Sciurognathi 
Iner Order Myomorpha 
Family Murdiae 
Super-family Muroidea 
Genus Mus 
(Linneus 1758) 
Mice are commonly experimental animals in biology because they are 
mammals, and thus share high degree of homology with humans. 
Experimental Animals : 
Adult Swiss Albino mice (Mus musculus), purchase from the Indian 
Institute of Science (Bangalore, India) were acclimatized for weeks, reared 
and bread in the departmental animal house. From their progeny, 8-10 week 
old both healthy male and female (Average body weight 25g) mice were 
selected for the present study. The animals were reared in polypropylene 
cages (290 x 220 x 140 mm) bedded with paddy husk and maintained at a 
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temperature of 28°C (± 2"C) and 50% (+6%) humidity. The mice were fed 
standard mouse pellets (Upton India Ltd.) and water ad libitum. 
Test Compounds 
Pentachlorophenol (PCP) 
Common Information 
Nomenclature 
Common name 
lUPAC name 
Trade name 
Chemical Class 
CAS R. No. 
Batch No: 
Physico-chemical Pi 
Molecular weight: 
Molecular formula: 
Form: 
Melting point: 
Boiling point: 
Vapour pressure: 
Density: 
Solubility: 
Pentachlorophenol 
PCP 
Pentachlorophenol 
Dowicide, PCP, Penchlorol, Penta, plus, 
Weedone etc. 
Chlorinated hydrocarbon 
87-86-5 
: Fluka Chemika (Switzerland) 76470/CH-9470 
roperities 
OH 
CI 
structure of PCP 
266.3 
CfiHClsO 
Colourless crystals with phenolic odour 
191°C 
309-310 "C 
16 Pa (100 °C) 
1.98 (22 °C) 
80 mg/l water (30 "C), soluble in most 
Stability: 
organic solvents 
relatively stable and non-hygroscopic. 
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Flash point: 
Commercialization: 
History: 
Manufacturer: 
Mammalian Toxicity: 
Ecotoxicolgy: 
Environmeiital fate: 
Soil and water: 
NOEL: 
Reviews: 
Toxicity class: 
Not flammable 
Introduced in 1936 as timber preservative and 
later used as a general disinfectant 
Chapman 
Acute oral LD50 for rats 210 mg/kg bw. 
LC50 48 hr for rainbow trout 0.17 mg/1 
very persistent in the environment 
3.9-10 mg daily in rat 
Environmental Health Criteria (WHO, 1987) 
Pentachlorophenol (Seller, 1991) 
WHO lb (Highly hazardous) 
EPA II (Moderately toxic compound) 
lARC 2B (Possibly carcinogenic to humans) 
Major metabolic 
product: Tetrachlorohydroquinone and 
Tetrachlorocatechol 
Use: wood preservative-79% 
Herbicide/insecticide/ weedicide-21 % 
2,4-dichlorophenoxyacetic acid (2,4-D) 
Common information 
Nomenclature: 
Common name: 
lUPAC name: 
Trade Name: 
Chemical Class: 
Batch No.: 
CAS No. 
2,4-D 
2,4-D 
2,4-dichlorophenoxyacetic acid 
Weedtrine-II, Aqua-Kleen, Barrage, 
Plantgard, Lawn-Keep, Planotox and 
malerbane. 
Chlorinated Phenoxy herbicide 
LobaChemie (INDIA) Art. 3300 
94-75-7 
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Physico-chemical properties 
Z\—( \ - (XHzCOzH 
Molecular weight: 
Molecular formula: 
Form: 
Melting point: 
Vapour Pressure: 
S/G density: 
solubility in water: 
Stability: 
pKa: 
Commercialization: 
History: 
Manufacturer. 
Application: 
Mode of action: 
Structure of 2,4-D 
221.0 
CgHfiCbOa 
Colourless powder 
140 "C 
1.1 X 10-^  Pa (20 °C) 
1.565 (30 °C) Kpw: log p = 2.58-2.83 (pH-1) 
311mg/l(pH-l,25°C) 
Insoluble in petroleum oils 
2,4-D is a strong acid and form water soluble 
salts with alkali metals and amines, hard water 
leads to precipitation of the calcium and 
magnesium salts. 
2.64 
The potent effects of its salts on plant growth 
were first described by P.W. Zimmerman and 
A.E. Hitchcock (contrib. Boyce Thompson Inst. 
1942) 
Agrolinz, All India Medical, BASF, Bayer, 
Bitterfield, Zeneca etc. 
Selective systemic herbicide salts are readily 
absorbed by the roots while esters are readily 
absorbed by the foliage. Translocation occurs 
with accumulation principally at the 
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Use: 
Phytotoxicity: 
Formulation type: 
Compatibility: 
Mammalian 
toxicology: 
Inhalation: 
NOEL: 
Ecotoxicology: 
Environment fate: 
meristematic regions of shoot and roots act as 
growth inhibitor. 
Post emergence control of annual and perinneal 
broad leaved weeds in cereals, maize, sorghum, 
grassland, established turf, grass seed, crops, 
orchard (pome fruit and stone fruit) caniberries, 
asparagus, sugercane, rice, forestry and non crop 
land (including areas adjacent to water). Control 
of broad leaved aquatic weeds. 
Phytotoxic to most broad leaved crop especially 
cotton, vines, tomatoes, ornamental and fruit 
trees, oil, rape seed and beet 
EC, SL, SP, GR, 
depends upon the particular formulation 
Acute oral toxicity for rats: 639-764 mg/ kg 
LC50 (24 hr for rats)> 1.79 mg/ kg 
rat and mice 1 mg/Kg b.w 
Fish, some formulations (e.g. esters) are toxic to 
fish, while others are not. LC50 (48 hr) for 
rainbow trout 1.1 mg/1; Daphnia, EC50 (21 d) 
235 mg/1 
In rats following oral administration elimination 
is rapid and mainly as the unchanged substance. 
Following single doses of up to 10 mg/kg, 
excretion is almost complete after 24 hr although 
with higher doses complete elimination takes 
longer. The maximum concentration in organs is 
reached after 12 hr. 
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Soil and Water: 
Reviews: 
Target Plants: 
Mode of action: 
Method of 
application: 
Toxicity class: 
In soil microbial degradation involves 
hydroxylation, decarboxylation, cleavage of the 
acid side cham and ring opening Half life in soil, 
< 7 d KocMj, 60. 
Seller, (1978) 
Environmental Health Citeria 84 (WHO, 1989) 
Garabrant and Philbert (2002) 
2,4-D is used to control broadleaf weeds, grasses 
and other monocots, woody pleints, aquatic 
weeds, and non-flowering plants. 
2,4-D is a plant-growth regulator that stimulates 
nucleic acid and protein synthesis and affects 
enzyme activity, respiration, and cell division. It 
is absorbed by plant leaves, stems, and roots and 
moves throughout plant. It accumulates in 
growing tips. 
Aerial and ground spraying, lawn spreaders, cut 
surface treatments, foliar spray, basal bark spray, 
injection 
EPA II (Moderately toxic compound) 
WHO II (Moderately hazardous) 
lARC 2B (Possibly carcinogenic to humans) 
Positive Control - Cyclophosphamide (C7H15CI2N2O2PH2O) 
The LD50 in mice ranges from 370 mg / kg (subcutaneous), 310-360 
mg / kg (intravenous), 180 mg / kg (oral), and 400 mg / kg (intraperitoneal 
in rats bearing tumors). The intravenous LD50 was 400 mg/kg in guineapigs 
and 40 mg / kg in dogs (Wheeler, 1962). In mice, rats and dogs, the 
predominant hematological effect of CP is leucopenia, some depression of 
thrombocytes was also noted (Wheeler et al. 1962), Prolonged treatment of 
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rodents with CP has produced pathological structural changes in variety of 
organs including lung, pancreas and liver (Mansi et al., 1979). A single i.p. 
dose of CP caused marked necrosis of the bladder and of the renal tubular 
and renal pelvic epithelium in mice, rats and dogs (Yoshida et al., 1979). 
Cyclophosphamide is teratogenic in several species, including mice, 
rats, rabbits and chickens (Ujbazy et al., 1979). Placental transfer of '^ C-
Cyclophosphamide has been demonstrated in mice (Gibson & Becker, 
1971). Cyclophosphamide gives positive results in several in vitro and in 
vivo short term assays. In presence of a liver activation system, CP induced 
mutations in the Salmonella typhimurium, tester strains TA1535 and TAIOO 
(McCann et al., 1975; Seino et al., 1978). CP also induced chromosomal 
aberrations in mice in vitro in the presence of exogenous source of metabolic 
activation (Benedict et al., 1978). Chromosomal aberration has also been 
produced in vivo in the bone marrow of mice, rats and Chinese hamster 
(Sorsa et al., 1988; Anderson et al., 1995). 
For in vitro assays, the frequency of sister chromatid exchange was 
increased in mouse and syrian hamster cells (Benedict et al., 1978). 
Similarly, sister chromatid exchanges were well increased by CP in vivo in 
the bone marrow of mice (Allen and Latt 1976). In humans, the predominant 
hematological effect of CP is leucopenia. The drug has been reported to 
cause changes in the nucleoli of lymphocytes, associated with water and 
sodium retention, pulmonary fibrosis, visual blurring and fragmentation of 
the nails (Shah et al., 1975, 1978). A fatal cardiomyopathy may result when 
very large doses of CP are given as conditioning for bone marrow transplant 
(Mills and Roberts, 1979). The CP has teratogenic and mutagenic potential 
and causes sterility of either sex (Ulnazy et al., 1979). It can damage green 
cells and cause premature ovarian failure in females. Increase in 
chromosomal aberrations and sister chromatid exchanges were seen in 
peripheral blood lymphocytes of patients treated with CP. 
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There is epidemiological evidence that CP increases the incidence of 
bladder cancer (Yoshinda), cancer cases, particularly, bladder cancer and 
acute non-lymphocytic lacunaria following CP administration. 
Preparation of Stock Solutions 
Amount of solute 
PCP 30 mg 
2,4-D 50 mg 
Solvent Control 
Ethanol 
1ml 
-
1ml 
DistiUed 
Water 
14 ml 
15 ml 
14 ml 
Stock 
15 
15 ml 
15 ml 
In / ml stock 
2mg 
3.33 mg 
0.071 ml 
Cytogenetic Testing Parameters : 
Chromosomal Aberration Test (CA): 
The CA was used for the detection of structural chromosomal 
aberrations induced by test compounds. The chemical tested was 
administered intraperitoneally. The somatic tissue used was bone marrow. 
Classical protocol using bone marrow from rodents recommended by Ad-
hoc committee of the Environmental Mutagen Society and the Institute of 
Medical research (1972) was adopted. The extent and the type of aberration 
was carefully studied. 
PROTOCOL FOR CHROMOSOME PREPARATION 
Test organism and solutions 
Mice: Mus mnsculns (a total of 176), from lab stock 
Chemicals: Pentachlorophenol (PCP, CAS No:87-86, 
99%purity_; Concentrations 20, 30, 40mg/ lOOOgm 
of body weight. LD50 (male)61mg/ lOOOgm of 
body weight. LD50 (female) 59mg/1000gm of body 
weight (Seller, 1990). 2,4-dichlorophenoxyacetic 
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acid (2,4-D, CAS No, 94-75-7, 98% purity 
concentrations, 30, 60, 90mg/ lOOOgm of body 
weight. LD50 (male) 125mg/1000gm of body 
weight. LD50 (female) 125mg/1000gm of body 
weight (NIOSG, 1989). 
Multiple exposure: 6,12,24,48h 
Type of treatment: Intraperitoneal 
Important chemicals and solutions 
Colchicine: 25mg/50ml of distilled water. (Injected@ 
4mg/1000gm of body weight) Hypotonic, KCl 
0.075M 0.56% Comoys fixative (methanol: glacial 
acetic acid, (3:1) Giemsa: 5% Sorensens buffer 
(pH 6.8) Xylene, DPX 
Cyclophosphamide: 40mg /1000 (injected @40gm of body weight) 
(b) Chromosomal preparations 
The technique of Tijo and Whang (1962) was followed for the 
preparations of chromosomes. In mammals, the bone marrow is 
heamatopoietic and mitotically highly active, so this tissue was used for 
chromosomal preparations. 
Experimental design 
The lot of 176 mice were divided into two experimental groups, and 
normal controls. Exposed group consisted of a total 96 mice, 48, each PCP 
and 2,4-D, 16, mice per concentration. 
The control group consisted of normal, solvent and positive controls. 
Normal and positive control comprised of 16 mice whereas solvent consisted 
of 48 mice. 
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At the end of each specific interval (6,12,24, 48hr) four mice from 
each time interval were sacrificed and immediately dissected to take out the 
marrow from femurs for cytogenetic processing. 
The same practice was followed for the controls. 
The chemicals were injected into the mice intraperitoneally. 
After specific time intervals, the specimens were administered with a 
freshly prepared colchicine solution, 4mg/1000gm of body weight. Two 
hours after the injection, the femurs were taken out and thoroughly cleaned 
by removing the muscular tissues. Immediately thereafter, the marrow was 
flushed out with 5ml of 0.75M KCl, which was pre-incubated for 38°C for 
90 min. The suspension was properly homogenized and incubated at SS^ C 
for 20 min. The suspension was centrifiiged for 5 min. at 1000 rpm, and 
supernatant was discarded and pellet saved. Freshly prepared 3ml of 
Comoy's fixative was added to the pellet and centrifiiged again. The process 
was repeated twice by adding freshly chilled fixative for dissolving the 
pellet. The slides were washed in alcohol and ether and kept at °C in 70% 
alcohol. 
Slides were prepared by letting two drops of the solution containing 
the cell suspension fall onto the slides from the height of 1.5 to 2 feet. 
Immediately thereafter, the fixative was burned off using the flame dry 
technique. The slides were stained with 5% Giemsa in Sorensen's phosphate 
buffer for 20 to 25 min. All the slides were made permanent by clejining in 
Xylene and mounted in DPX. Well-separated and extended chromosomes 
were thus obtained. 
Microscopic observations and photomicrographs 
Well-stained slides, including those of controls, were independently 
coded before microscopic analysis. One hundred metaphases per animal in 
each concentration of both chemicals were analyzed under light microscope. 
Well spread metaphases were first selected under low magnification (10x10 
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or 10x20) according to the following criteria viz. Complete number of 
centromeres, fully aligned chromatids, centromere splitting, extensive 
overlap of chromosomes good fixation and staining 
Definitions of Aberrations: 
Structural aberration 
Chromatid type; Chromosome damage is expressed as breakage of single 
chromatid or breakage and reunion between chromatid. 
Chromatid gap is a non-staining region in one chromatid showing a 
clear discontinuity (the size of which is almost equal to or more than the 
width of the chromatid). Chromatid break is the complete severelliance of 
the distal part of one chromatid with distinct dislocation or misaligiunent. 
Chromatid exchange is rearrangement as a consequence of mis-reunion 
between two or more chromatids breaks, including interchromosomal 
exchanges such as triradials and quadriradials and intrachromosomal 
exchanges such as chromatid rings and inversions. 
Chromosome type: Chromosome damage are expressed as breakage and 
reunion of both chromatids at an identical site 
Chromosome gap is the same as chromatid gap but occurring at the same 
locus in both sister chromatids. Chromosome breaks are the complete 
surverence of the terminal region of a chromosome arm which gives rise to 
shortened chromosomes and an acentric chromatid fragment, and is not 
associated with any obvious exchange process. Chromosome exchanges are 
rearrangement as a consequence of misreunion between two or more 
chromosome breaks and include dicentrics or rings (these are associated 
with an acentric fragment, and are scored as one aberration but not as two 
independent aberration). Acentric rings derived from interstitial deletions are 
included in this type. 
Fragmentation is defined as metaphase with large number of 
chromatid gap and chromatid breaks but without chromatid exchange. 
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Minute or chromosome fragments or double minute are small dots, the size 
of dot is almost equal to or smaller than the width of a chromatid and those, 
which are larger than the chromatid width are scored as acentric rings. This 
type of aberration is included in chromosome break when scoring routinely. 
Numerical aberration 
A change in the number of chromosomes from normal number is a 
characteristic of the cells utilized. These are classified into two types, i.e. 
aneuploidy and polyploidy, (i) aneuploidy: It involves the loss or gain of 
one or few chromosomes, (ii) polyploidy: A multiple of haploid 
chromosome number (n) other than the diploid number i.e. 3n or 4n and so 
on. 
Other abnormalities 
Pulverization: One or several chromosomes in diploid cells or a half set of 
chromosomes in the polyploid cells show a mass of minute fragments or 
small dots. In addition, there are so called ill-defined abnormalities such as 
attenuation, stickiness, ruffling, haziness erosion and C-metaphase. 
Statistical Analysis 
The standard deviation and mean of the aberration frequency were 
calculated. Students "t" test was used for determining the significance level 
of data at p< 0.05. Each treated group was compared with the relevant 
control separately. 
Micronucleus Test (MNT) 
Micronuclei are cytoplasmic chromatin containing bodies formed 
when acentric chromosome fragments or chromosome lag behind during 
anaphase and fail to become incorporated into daughter nuclei during cell 
division, since genetic damage resuh in chromosome breaks, such 
structurally abnormal chromosomes, or spindle abnormalities lead to 
micronucleus formation. The incidence of micronucleus thus serves as an 
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index of chromosome damage enumerations of micronuclei is much faster 
and technically demanding than the scoring of chromosomal aberration. 
Other chemicals, preparation of solutions, concentration 
Fetal Calf serum 5% 
May - Gruenwald Stain 
Giemsa stain 5% 
Sorensens buffer (pH- 6.8). 
Xylene 
DPX 
Experimental design 
The lot of 176 mice were divided into the two experimental groups, 
and normal controls. 
Exposed group consisted of a total of 96 mice, 48 each for PCP and 
2,4-D and 16 mice per concentration. 
The control group consisted of normal, solvent and positive controls 
at the rate of 16 mice per normal and positive control whereas, 48 mice for 
solvent control. 
At the end of each specific interval (6,12,24, 48hr), four mice from 
each time interval were sacrificed and immediately dissected to take out the 
marrow from femurs for cytogenetic processing. 
The same practice was followed for the controls. 
Micronucleus preoparation from mouse bone marrow (Schmid, 1973) 
was done as follows : 
> The chemicals were injected into the mice intraperitoneally. 
> After specific time intervals, the mice were sacrificed by cervical 
dislocation. 
> Both the femurs were extracted from the test animals and muscular 
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tissue cleared. 
> The bone was cut open and the bone marrow was flushed out with 5% 
of foetal calf serum and the solution was homogenized properly. 
> The solution was kept for 5 min at room temperature and the 
supernatant was discarded and pellet saved. 
> The sediment was usmg a pipette and a small drop of cell suspension 
was dropped at one end of a clean dry glass slide and evenly smeared 
and air dried without fixation. 
> The staining procedure followed a combination of may gruenwald 
and giemsa staning in succession. The slides were first covered with 
diluted May gruenwald solution for 3 min and replaced by diluted 
(1:1) solution of the same stain witii distilled water for 2 min 
followed by staining in Giemsa for 5 min. 
> The slides were rinsed and dried, treated with xylene and mounted in 
DPX. 
> All slides including controls were coded and scorded blindly by a 
single observer and screened for analyzable micronucleus under the 
same magnification as described earlier. 
> In well stained slides, the nuclear material was deep purple while the 
cytoplasm of nucleated cells appeared light blue. 
> The normochromatic erythrocytes were orange yellow in colour in 
contrast with polychromatic erythrocytes which were found to be 
pink to purple. 
> The differential staining thus allowed a clear discrimination between 
polychromatic erythrocyte (PCEs) and normochromatic erythrocyte 
(NCEs). A proper area was chosen for scoring, where the 
erythrocytes looked clearly controured. For each animal, 2000 cells 
were well-scored individually for MNT. 
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Calculation of mitotic Indices (Hedge et al., 1995) 
Experimental design same as CA. 
> The mitotic Index (MI) was calculated from a total of 2000 cells 
scored in each concentration. 
> The calculation of the mitotic Index is usually based on the formula : 
Total no. of dividing cells , . . 
M = xlOO 
Total no. of cells observed 
In such calculations interphase, pro-metaphase and the sub-
stages are not counted. 
The present approach is important, but it does not often give the true 
mitotic Index, which should be assessed at metaphase and anaphase stages 
because these stages actually entitle cells to have passed the mitotic cycle. 
This is designated as active mitotic Index and computed as : 
Ami = ^-M-tJl.m 
TC 
Where, M, A and TC respectively stands for metaphase, anaphase, 
and total number of cells observed. The MI was calculated using this 
formula and any inhibition in mitotic Index was taken as the cytotoxicity of 
the chemical, and deviation on the basis of concentration of duration of the 
test chemical was noted and compared with controls to realize which agent 
is more effective than the other. 
LIPID PEROXIDATION 
Principle of the assay 
One molecule of malondialdehyde (MDA) reacts stoichiometrically 
with two molecules of 2-thiobarbituric acid (TBA) at pH 3.5 according to 
the following equation. 
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Reagents 
Acetic acid (20%) pH 3.5 
Sodium dodecyl sulfate (SDS), 8.1% 
2-thiobarbituric acid (TBA) 8.1% 
Liver homogenate, Ig/lOml 
Sodium chloride, 0.9 % 
Experimental Design 
(a) The lot of 160 mice were divided into two experimental groups and 
normal controls. 
> Exposed group consisted of a total of 96 mice, (48 each for PCP and 
2,4-D), i.e. 16 mice per concentration). 
> The normal group consisted of negative solvent control and normal 
control at the rate of 48 mice per solvent control and 16 mice per 
normal control. 
> At the end of each specific interval (6, 12, 24 and 48 hr) four mice 
were sacrificed and immediately dissected to take out the liver for 
biochemical processing. 
> The same practice was followed for the controls also. 
The techniques of Ohkawa et al., (1979) was followed for the 
preparation and estimation of lipid peroxides. 
> The liver being the major target organ for estimating chemically 
induced toxicity, was used for biochemical investigation. 
> The test chemicals were injected into the mice intraperitoneally. 
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> After specific time intervals the specimens were dissected to takeout 
liver for biochemical processing. 
> Immediately thereafter, the liver was taken out and it was 
homogenized (Igm of liver /10 ml 0.9% NaCl) 
> The suspension was properly homogenized 
Method for lipid peroxidation 
Test: Add 1.5 ml of acetic acid (20%) and 0.2ml of SDS (8.1%). Mix 1.5ml 
of TBA (0.08%) and a.7 ml of HjO and lastly add 0.1ml of liver 
homogenate. 
Blanic: Add 1.5ml of acetic acid (20%) and 0.2 ml of SDS (8.1%). Further 
add 1.5 ml of TBA (0.08%) and 0.8 ml of distilled H2O. Incubate at 95"C for 
60 min using glass ball as a condenser. 
> Centrifiige at 4000 rpm for 5 min after cooling, read the reagent test 
at 532 nm against reagent blank. 
Lipid peroxides were determined by the formula. 
Ah 4 0 
LP = X - ^ X 10 X lOOOn mol MDA/g liver 
156 0.1 
> For each animal the samples were run in triplicates for taking 
readings in order to minimize the error. 
Statistical Analysis : The standard derivation and mean ft-equency was 
calculated for each time interval and concentration. Student's 't' test was 
used for determining the level of significance 
Measurement of Reduced Glutathione 
Principle of the assay: The assay is based on the reduction of 5, 5'-
dithiobis-<2-nitrobenzoic acid) (DTNB) by SH group of glutathione to form 
2 nitro-5 mercaptobenzoic acid per mole of glutathione. The product is 
measured specrtrophotometrically at 420 nm using the extinction co-
efficient of 137 mM"' cm"'. 
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The significance level of data was tested at p < 0.05. Each treated 
group was compared with the relevant control group separately. 
Reagents: 
Potassium phosphate (0.1 M, pH 8.0) 
(1) 5, 5'-dithiobis- (2-nitrobenzoic acid) (DTNB) (EUman's reagent): 
4 mg/ ml in 0.1 M potasium phosphate, pH 8.0. 
(2) 5% HCIO4 
Measurement of Reduced Glutathione 
Liver homogenate contents of reduced glutathione was measured 
according to the method of Ellman (1959) as modified by Nagi et al., (1992). 
Although this method can measure all acid soluble thiol. Glutathions (GSH) 
represents more than 90% of the reactive thiol group. 
Experimental design same as lipid peroxidation 
Procedure 
> The test chemicals were injected into the mice intraperitoneally. 
> After specific time interval the animals were dissected to take out the 
liver for biochemical processing. 
> Immediately thereafter, the liver was taken out and kept at 39°C in 
NaCl (Ig liver/10 ml of 0.9% NaCl). 
> 0.5 ml of liver homogenate (Ig / 10 ml of 0.9 % NaCl) was 
deproteinized by the addition of 0.5 ml of 5% HCIO4 and the mixture 
was centrifuged at 3000 rpm for 5 min. The supernatant was used for 
color development. 
Colour formation 
Test: Add 1.88 ml potassium phosphate, pH 8.0. followed by 20 |il of 5, 5' 
dithiobis-2-nitrobenzoic acid (DTNB). Mix gently and lastly add 100 }xl of 
supernatant of hepatic tissue and mix well. 
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Blank: Mix 20^1 of 5,5' dithiobis-2-nitrobenzoic acid (DTNB) and 1.88 ml 
of O.IM potassium phosphate pH 8.0. Finally add 100 |J.1 of distilled water. 
Read the test after 5 min at 412 nm against reagent blank. 
Calculation was done using equation based on extinction co-efficient. 
Glutathione content 
Ab 2.0 . 10 . , . ^,. X X 2 — (p, mol / g of liver. 
13.7 0.10 1 
Aspartate Transaminase and Alanine Transaminase 
The amount of AST and ALT was calculated by the method of 
Reitman and Frankel (1957). The test chemicals were injected 
intraperitoneally and blood of mice was obtained through the orbital sinus. 
The serum was separated and subjected to biochemical investigation. 
Experimental Design 
(a) The group of 160 mice was divided into the two experimental groups 
and a normal control. 
• Exposed group consisted of a total 96 mice (48 each for PCP and 2,4-D), 
i.e. 16 mice per concentration. 
• The normal group consisted of negative solvent and normal controls at 
the rate of 48 mice per solvent control and 16 mice per normal control. 
• At the end of each specific interval (6, 12, 24 and 48 hr) four mice (per 
concentration from exposed group) were taken and blood was collected 
through the orbital sinus. 
• The same order was followed for the controls. 
Reagents 
(1) Dihydrogen phosphate (Na2HP042H20) 
(2) Anhydrous potassium dihydrogen phosphate (KH2POH) 
(3) CH2PO4 
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(4) Na2HP04 
(5) DL-Aspartic acid 
(6) lMand0.4MNaOH. 
(7) Chloroform 
(8) DL-Alanine 
(9) Sodium Pyruvate 
(10) 2,4-dinitrophenlhydrazine (2,4-DNPH) 
(11) IMHCl 
Method for AST estimation 
Test : Warm 0.5 ml of substrate (Aspartate in phosphate buffer) in a 
waterbath at 37° for 3 min. Add 0.1 ml of serum, mix gently and incubate for 
60 min exactly. Remove the tubes from the bath and immediately add 0.5 ml 
of dinitrophenylhydrazine (DNPH) solution and mix well. 
Control: Mix 0.1 ml of substrate with 0.5 ml of DNPH solution and add 0.1 
ml of serum 
Blank: Mix 0.5 ml of substrate, 0.1 ml of water and 0.5 ml of DNPH in test 
tube. 
Standard : Mix 0. ml of working pyruvate standard with 0.4 ml of substrate, 
0.1 ml of water and 0.5 ml of DNPH solution. 
Allow the DNPH to react in all tubes for 20 min at room temperature, 
then add 5ml of 0.4 M sodium hydroxide, mix well and leave for a further 
10 min. Read after 10 min at 510 nm against distilled water. 
Calculation 
The pyruvate formed per min per liter of serum 
T -C 
— X 67 M mole 
S-B 
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Method for ALT estimation 
Test : Warm 0.5 ml of substrate (Alanine in phosphate buffer) in a water 
bath at 37° for 3 min. Add 0.1 ml of serum, mix gently and incubate it for 30 
min exactly. Remove the tubes from the bath and immediately add 0.5 ml of 
denitrophenylhydrazine (DNPH) solution and mix well. 
Control: Mix 0.5 of substrate with 0.5 ml of DNPH solution and add 0.1 ml 
of serum. 
Standard : -Mix 0.1 ml of working pyruvate standard with 0.4 ml of 
substrate 0.1 ml of water and 0.5 ml of DNPH solution. 
Blank : Mix 0.5 ml of substrate, 0.1 ml of water and 0.5 ml of DNPH in test 
tube. 
Allow the DNPH to react in alt tubes for 20 min at room temperature 
then add 5 ml of 0.4 M sodium hydroxide, mix well and leave for further 10 
mins. Read after 10 min at 510 nm against distilled water. 
Calculation 
The pyruvate formed per min is given as Per litre of serum 
T -C 
X 133 uvaoX 
S-B ^ 
HEPATIC DNA EXTRACTION 
Chemicals: 
Liquid nitrogen 
5NaCl 
0.5 M EDTA 
10% SDS 
70% Ethanol 
IM Tris 
Chloroform 
Isoamylacohol 
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Phenol (Molten) 
P-Mercaptoethanol 
8-Hydroquinoline 
Proteinse K 
Ethidium Bromide 
Agarose 
TAE (electrophoresis buffer) 
Glycerol Dye Mix. 
Experimental Design 
> 56 mice were divided into two groups; the experimental groups and 
normal controls. 
> Exposed group consisted of 48 mice (24 each for PCP and 2,4-D) i.e. 
8 mice per concentration. The normal control consisted of 8 mice 
> At the end of each specific interval (24 and 48 hrs), four mice from 
each time interval sacrificed and were immediately dissected to take 
out the liver for DNA extraction. 
> The same practice was followed for controls. 
Isolation of DNA from hepatic tissue 
The method of Sambrooke and Russel (2001) was followed, 
> 200 mg of hepatic tissue was minced using a mortar and pestle, and 
pre-cooled with liquid nitrogen. 
> Minced tissue was transferred to centrifuge tube and 2.4 ml of 
digestion buffer (at the rate of 1.2 ml /100 mg) was added. 
> Sample was kept overnight at 37°C after adding 10 |al proteinase K 
(20 mg/ml stock solution). 
> 3 ml of TE equiliberated phenol (equal volume of digestion buffer) 
was added and stirred on overhead shaker for 5 min, followed by 
centrifugation (4*'C) at 5000 rpm. 
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> Upper aqueous phase was gently pipetted out by a wide bore pipette, 
without disturbance to the interphase to minimize hydrodynamic 
shearing forces. 
> Equal volume of TE phenol and CIA (1 : 1, 1.5 ml TE phenol and 1.5 
ml (CIA) was added to the viscous aqueous phase in order to remove 
residual phenol from the sample. 
> After shaking in overhead shaker for 10 min, and followed by 
centrifugation (4°C) at 5000 rpm for 15 min, the upper aqueous phase 
was slowly pipetted out using a wide-bore pipette. 
> About 3 ml of CIA was added to the aqueous phase, after shaking for 
10 min, it was again centrifiiged (4°C) at 5000 rpm. Upper aqueous 
layer was slowly pipetted out by wide bore pipette. 
> Ethanol precipitation was carried out by adding 300 ml of chilled 3 M 
sodium acetate (1 /lO* volume of phenol and then 7.5 ml of chilled 
ethanol (2.5 times volume of phenol). 
> The centrifiige tube was slowly mixed by turning the tube end to end 
till the spool of DNA came out. 
> The spool was removed in one piece from ethanolic solution and it 
was washed in 70% ethanol, followed by centrifijgation (4°C) at 5000 
rpm for lOmin. 
> Ethanol was discarded and the pellet was semi dried at room 
temperature. If the ethanol ppt from hepatic tissue did not appear 
immediately, it was kept overnight at -20°C. 
> 200-400 |il of TE was added to dissolve DNA pellet and stored at 
-20°C. The extracted DNA was used for analysis by following 
techniques. 
(i) Agarose gel electrophoresis 
(ii) Melting temperature (Tm) and 
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(iii) Fluorescence profile 
Thermal denaturation analysis of native and modified DNA was 
attempted in order to ascertain the degree of modification in DNA induced 
by chemical treatment by determining mid point melting temperature (Tm). 
Native and modified samples were subjected to heat denaturation on 
Shimadzu UV-240 spectrophotometer, coupled with a temperature 
programmer and controller assembly (Hasan and Ali, 1990). 
> All the samples were heated from 30°C to 95°C at the rate of l.S^C / min 
after 10 min equilibration at 30°C. 
The change in absorbance at 260 nm was recorded with increasing 
temperature. Percent denaturation and was calculated as follows : 
% denaturation = ^ A - A ^ 
A max - Ajo j xlOO 
where - AT = Absorbance at a particular temperature in °C 
Amax "= Final maximum absorbance on completion 
of denaturation i.e. at 95 °C. 
A30 = Initial absorbance at 30°C 
Agarose gel preparation 
0.8% agarose was dissolved in TAE buffer (40 mM) Tris acetate pH 
8.0 containing 2 mM EDTA and 6 ng of ethidium bromide under the 
influence of heat. The solution was cooled to about 40-5 0°C and then poured 
into gel tray and allowed to solidify at room temperature. 
Alkaline agarose gel electrophoresis 
Alkaline agarose gel electrophoresis was carried out in TAE buffer 
40mM Tris acetate pH 8.0, containing 33 mM NaOH and 2mM EDTA and 6 
|Ligm of ethidium bromide. The NaOH and EDTA were added after agarose 
was dissolved. The native and modified DNA samples were prepared by 
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adding sample dye (10% glycerol and 0.002% bromophenol). 
Electrophoresis was performed at 30 V for two and half hr in alkaline 
electrophoresis buffer. 
Fluorscence spectroscopy 
Fluorscence spectroscopy of native and modified DNA samples using 
ethidium bromide was also performed. Excitation wavelength was 520 nm 
and spectra were recorded in the wavelength range of 490-700 rmi on a 
Hitachi F2000 spectroflurometer. 
15 ng of treated DNA (stock- 5 jig/nl) was mixed with 7.5 |ig of 
ethidium bromide (stock 2.5 ng/ml) and final volume was raised upto 3ml 
with phosphate buffer saline and then subjected to flourscence. 
> The flourscence profiles of native and modified DNA were recorded 
and loss in flourscence intensity (FI) was computed as follows : 
F.I. native DNA - F.I. of modified DNA 
F.I. of native DNA xlOO 
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Mutagenic effects of pentachlorophenol (PCP) and 2,4-
dichlorophenoxyacetic acid (2,4-D) were evaluated by using cytogenetic and 
biochemical parameters. The result of the experiments based on these 
parameters have been summarized in (Table 1 to 58). Dose and duration related 
trends of all decided cytogenetic and biochemical parameters have been 
represented graphically in the (Figures 2 to 69). The detailed results are 
discussed below. 
Chromosomal aberrations (PCP) 
The typical diploid metaphase complements of Mus musculus were 
found to consist of 2n=40, the sex chromosomes could not be distinguished 
morphologically from autosomes. The complement only consists of telocentric 
chromosomes. 
The chromosomal aberrations were recorded under two broad 
categories, i.e. classical aberrations and non classical aberrations. In classical 
aberrations, both chromatid (B) and chromosome type of break (B') were 
counted including acentric fragement exchanges (E) and multiple aberrations 
(Polyploidy, aneuploidy rings etc). While non classical aberrations comprised 
stickiness (S) pulverization (P). 
Chromosomal aberration with three concentrations of pentachlorophenol 
indicate that there was a clearly significant increase in aberration at 24hr time 
interval though rising trend was evident in every concentration. The fact is also 
depicted in (Figure 2 and 3). There was a definite decrease at 48hr in CI where 
as the table 1 shows that there was increase in C2 and C3 in PCP which 
indicated that the injurious effect to the chromosomes was maximum at higher 
concentration as the duration progressed beyond 24hr. There was no significant 
increase observed between normal and solvent control, however, when 
contrasted with solvent control the rise was significant. PCP was able to induce 
chromatid and chromosome type of aberration and the frequency of chromatid 
type of aberration was more as compared to chromosomal type. Also evident 
from the statistical data, was the chromatid type breaks which were consistently 
and more frequently observed in all replicates of PCP. Aberrations such as 
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gaps, translocation, dicentrics (MA), stickiness and pulverisation were also 
observed. A dose and time dependent increase in total aberrations was well 
noted. A significant positive correlation was observed with the time and 
concentration increase and chromosomal aberration count (Table 2 and Figure 
4 and 5). A closer look at figure 6 relating to PCP shows an increase in 
stickiness and pulverisation from 12 to 24hr of treatment in case of CI 
followed by a decline as time elapsed from 48hr onwards, whereas C2 and C3 
showed an increase, as the time interval enhanced. A significant increase was 
observed at both 24 and 48hr time interval of C2 and C3 (Table 3). No 
significant differences was observed between normal and solvent control. A 
maximum of 9.70 percent frequency of aberration was recorded in PCP treated 
group at 48hr of C3 as compared to 2.50 percent of solvent control. All the 
three concentrations showed significant values at 24hr and 48hr of treatment. A 
significant positive correlation was observed with the time and concentration 
increase and stickiness and pulverization count (Table 4 and Figure 7). By and 
large, results of CA reveal that there was a concentration dependent increase 
while the maximum response in chromosomal aberration occurred at 24hr and 
48hr. 
Chromosomal aberration (2,4-D) 
All the three concentration of 2,4-D were able to induce chromosomal 
aberration. Maximum aberration were recorded for C3 at 48hr i.e. 8.25 percent 
as compared to the solvent control (Table 5). All the three concentration 
showed significant values at 24hr of the treatment whereas C2 and C3 showed 
significant value at 48hr of the treatment (Figure 8 and 9). There was no 
significant difference observed between normal and solvent control. Chromatid 
types of breaks and gaps were observed more as compared to chromosomal 
type. A significant positive correlation was observed with time and 
concentration increase and chromosomal aberration count (Table 6 and Figure 
11). Aberrations such as breaks translocation stickiness and pulverisation were 
also observed. A closer look at table 7 and figure 12 related to 2, 4-D shows an 
increase in pulverisation from 12 to 24hr, followed by a decline as time elapsed 
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from 48hr onwards. The 2, 4-D induced chromosomal aberration results reveal 
that there was a concentration dependent increase and maximum response in 
chromosomal aberration occurred as 24hr after treatment in all of the 
concentration. A significant positive correlation was observed with the time 
and concentration increase and stickiness and pulverization count (Table 8 and 
Figure 13). 
PCP appear to be more potent herbicide as compared to 2,4-D because 
the percent of chromosomal damage appeares to be more in PCP. Statistical 
data also reveal that PCP causes more structural damage than 2, 4-D because 
more statistically significant values were observed in PCP. 
Micronucleus Test (PCP) 
The frequency of micronuclei in polychromatic erythrocytes (PCEs) 
induced by PCP was found elevated and consistently above the control levels 
(Table 9). A maximum of 0.53 percent was recorded in C3 to that of solvent 
control 0.17 percent. There was a concentration and dose dependent increase in 
the formation of micronucleated polychromatic erythrocytes (MNPCEs) and 
maximum rise in MNPCEs were seen at 24hr of the treatment as all the values 
turn out to be significant (Figure 14). The P/N ratio showed a steep decline as 
concentration and time increase. Maximum decrease was observed at 48hr of 
C3, all the three concentration showed the maximum decline from 12 to 241ir of 
treatment. Maximum decrease in percent PCE was also noted down. A 
significant positive correlation was observed with the time and concentration 
increase and micronucleus count (Table 10 and Figure 15). 
Micronucleus Test (2,4-D) 
All the three concentrations of 2,4-D were able to induce micronucleated 
PCEs. However, the frequency of micronuclei in polychromatic erythrocytes 
(PCEs) was found significant as 24 and 48hr of C2 and C3 concentration 
(Table 11). A maximum of 0.37 percentage was observed at 24hr of the C3 as 
compared to the solvent control of 0.17 percentage. Concentration CI did 
induced micronuclei in polychromatic erythrocytes but the increase was not 
significant compared to solvent control (Figure 16). The P/N ratio also showed 
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a time and dose dependent decrease. Maximum decrease was observed at 48hr 
of C3 and the value turned out to be 0.76 as compared to 1.00 of solvent 
control. The percent polychromatic erythrocyte reduction was observed as 
18.75% at 48hr of C3, as compared to 0.9% of solvent control. A significant 
positive correlation was observed with the time and concentration increase and 
micronucleus count (Table 12 and Figure 17). 
Mitotic Index 
Comparison on the basis of concentration and duration of the test 
chemical was noted and contrasted with the controls to realize which agent 
affects the parameter more strongly over the other. The result show a dose and 
time dependent inhibition in case of PCP and 2,4-D respectively. For mitotic 
index PCP shows a maximum inhibition of mitotic index at 48hr of C3 i.e. 2.17 
percentage which is statistically significant as compared to the 4.92 percentage 
of the solvent control (Table 13). All the three concentration of C2 and C3 
showed statistically significant values at 24hr and 48hr of the treatment. Once 
again time and dose dependent relationship was observed (Figure 18). A 
significant negative correlation was observed with the time and concentration 
mcrease and mitotic index count (Table 14 and Figure 19). 
Mitotic Index 2,4-D 
The 2, 4-dichlorophenoxyacetic acid showed a steep decline in mitotic 
index (Table 15 and Figure 20). Maximum reduction was seen for 48hr of C3 
i.e. 2.9 percent which is highly significant as compared to the solvent control of 
0.00 percent. All the three concentrations showed statistically significant values 
at 12, 24 and 48hr of the treatment. The comparison between normal and 
solvent control turned out to be non-significant. A significant negative 
correlation was observed with the time and concentration increase and mitotic 
index count (Table 16 and Figure 21). 
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rigure-2 : Mean chromosomal aberrations CA (ex gaps) in percentage 
induced by pentachlorophenol in Mus musculus for different 
concentrations and durations. 
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Figure-3 : Mean chromosomal aberrations CA (in gaps) in percentage 
induced by pentachlorophenol in Mus musculus for different 
concentrations and durations. 
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(In Gaps) 
On concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
- Solvent 
20mg/1000gm 
30mg/1000gm 
40mg/1000gm 
(Ex Gaps) 
On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent 
20mg/1000gm 
30mg/1000gm 
40mg/1000gm 
Equation 
Y=mx+c 
.1086X+14.0571 
.1029X+15.6857 
1.2943X+11.628 
1.2771X+10.5143 
.0333X+15.000 
.1870X+17.0435 
.8812X+14.I739 
1.2203X+16.0435 
Equation 
Y=mx+c 
.0457X+8.971 
.0475+8.9714 
.7200X+7.800 
.6857+5.5714 
.0014X+9.2174 
.0855X+10.8261 
.3971X+9.5652 
.6812X+9.1739 
Significance 
R^  
.793* 
.926* 
.896* 
.877* 
.242 
.471 
.735* 
.667* 
Significance 
R^  
914* 
914* 
941* 
857* 
.003 
.177 
.550* 
.657* 
Table-2: Regression on concentrations and time for chromosomal 
aberration in-gaps and ex gaps of pentachlorophenol (PCP). 
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•10 0 10 20 30 W 90 
Concentration 
10 20 90 
Time (hr) after treatment 
-10 0 10 20 30 40 M 
Concentration Time (hr) after treatment 
-10 0 10 20 30 40 50 o 10 20 30 40 50 
Concentration Time (hr) after treatment 
Concentration 
X axis - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm 
Y axis - % Chromosomal aberration 
Time (hr) after treatment 
X axis - 6hr, 12hr, 24hr and 48hr 
Y axis - % Chromosomal aberration 
Figure-4: Graph showing regressions on concentrations and time respectively 
for chromosomal aberration (ex gaps) for pentachlorophenol (PCP). 
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-10 0 10 20 30 40 
Concentration 
Concentration 
-10 0 10 20 30 40 so 
Concentration 
10 20 30 40 so 
Time (hr) after treatment 
Time (hr) after treatment 
10 20 30 40 so 
Time (hr) after treatment 
10 20 30 40 so 
Concentration Time (hr) after treatment 
X axis - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm X axis - 6hr, 12hr, 24hr and 48hr 
Y axis - % Chromosomal aberration Y axis - % Chromosomal aberration 
Figure-5: Graph showing regressions on concentration and time respectively 
for chromosomal aberrations (in gaps) by pentachlorophenol (PCP). 
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Duration 
PCP 
6hr 
12hr 
24hr 
48hr 
Concentration 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
Mean ± SD 
Paired differences 
0.00 ± 0.82 
0.50 ±0.57 
0.00 ±0.82 
0.25 ± 0.50 
0.25 + 0.50 
0.00 + 0.82 
1.25 ±1.25 
0.25 + 0.50 
0.50 ±0.58 
0.75 ± 0.93 
0.25 ±0.50 
2.00 ±0.81 
0.50 ±0.58 
0.75 ± 0.50 
1.25 ±0.50 
0.00 ± 0.82 
1.75 ±.500 
0.50 ±1.00 
1.00 ±0.81 
1.25 ±0.50 
% Mean ± SEM 
0.75 ±0.41 
1.25 ±0.28 
0.75 ±0.41 
1.00 ±0.25 
1.00 ±0.02 
0.75 ±0.41 
2.00 ± 0.62* 
1.00 ±0.25 
1.25 ±0.29 
1.50 ±0.48 
1.00 ±0.25 
3.00 ± .408* 
1.50 ±0.29 
1.75 ±0.25 
2.25 ± 0.25 
0.75 ±0.41 
2.50 ± 0.25* 
1.25 ±0.50 
1.50 ±0.41 
2.00 ± 0.25 
Solvent Control - Ethanol, Positive Control - Cyclophosphamide 40 mg / 
lOOOgm, Cl-20mg/1000gm, C2-30mg/1000gm, C3-40mg/1000gm, SD -
Standard deviation, SEM - Standard error of Mean, * - Significance 
Table-3: Stickiness and pulverization induced by multiple concentration of 
pentachlorophenol (PCP) at different time intervals in Mus 
musculus. 
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3.5 
2.5 >> 
o 
c 
« 
« 
S 15 
0.5 
6hr 12hr 24hr 48hr 
Time Interval 
• Solvent control (Ethanol) D C-1 20mg/1 OOOgm 
E3 C-2 30mg/1 OOOgm Q C-3 40mg/1 OOOgm 
B Positive Control (Cycloptiosptiamide 40mg/10000grT5 
Figure-6 : Mean stickiness and pulverization in percentage induced by 
pentachlorophenol (PCP) in Mus musculus for different 
concentrations and durations. 
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On Concentration 
-
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent 
20mg/100gm 
30 mg/lOOgm 
40mg/100gm 
Equation 
Y=mx+c 
.0286X+2.8571 
.0743X+2.8286 
.1200x4-3.800 
.1200X+2.800 
.0014X+3.2174 
.0435X+3.5217 
.0435X+4.5217 
.0855X+4.8261 
Significance 
R^  
.714* 
.966* 
.969* 
.969* 
.003 
.391 
.391 
.531* 
TabIe-4: Regressions on concentrations and time respectively for stickiness 
and pulverization induced by pentachorophenol (PCP). 
70 
Concentration 
10 20 30 40 so 
Concentration 
-10 0 10 20 30 40 so 
Concentration 
10 20 30 40 so 
Time (hr) after treatment 
10 20 30 40 so 
Time (hr) after treatment 
10 20 30 40 50 
Time (hr) after treatment 
0 10 20 30 40 so 
Concentration 
X axis - 20mg/1000gm, 30mg/1000gtn,40/mg/1000gm 
Y axis - % Mean frequency (S & P) 
Figure-7: Graph showing regressions on 
for stickiness and pulverization 
Time (hr) after treatment 
X axis - 6hr, 12hr, 24hr and 48hr 
Y axis - % Mean frequency (S & P) 
concentration and time respectively 
by pentachlorophenol (PCP). 
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Figure-8: Mean chromosomal aberrations CA (ex gaps) in percentage 
induced by 2,4-dichlorophenoxyacetic acid (2,4-D) in Mus 
musculus for different concentrations and durations. 
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12hr 24hr 
Time Interval 
48hr 
D Solvent control (Distilled Water) 
E3C-2 60mg/1000gm 
B Positive Control (Cyclophosphamide 40mg/10000gm) 
DC-1 30mg/1000gm 
liC-3 90mg/1000gm 
Figure-9: Mean chromosomal aberations CA (in gaps) in percentage 
induced by 2,4-dichIorophenoxyacetic acid (2,4-D) in Mus 
musculus for different concentrations and durations. 
74 
(Ex Gaps) 
On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
(In Gaps) 
On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=mx+c 
.0133X+8.400 
.0233X+8.200 
.233X+9.500 
.2667X+7.500 
.0116X-F8739 
.1493X+8.3913 
.3304X+8.5652 
.5971X+7.5652 
Equation 
Y=mx+c 
.0467X+14.400 
.0700X+15.100 
.3900X+16.200 
.4233X+12.700 
.0043X+15.6522 
.1942X+16.1304 
.4652X+16.7826 
.8681X+17.2174 
Significance 
R^  
.400 
.891* 
.996* 
.973* 
.070 
.515* 
.665* 
.759* 
Significance 
R^  
.891* 
.969* 
.966* 
.975* 
.003 
.429 
.721* 
.693* 
Table-6: Regression on concentrations and time for chromosomal 
aberration {in-gaps) and {ex gaps) of 2,4-dichlorophenoxyacetic 
acid (2,4-D). 
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Concentration 
20 40 ao ao 100 
Concentration 
0 20 40 «0 ao 100 
Concentration 
10 20 30 40 50 
Time (hr) after treatment 
10 20 30 40 50 
Time (hr) after treatment 
Time (hr) after treatment 
20 40 60 60 100 
Concentration Time (hr) after treatment 
X axis - SOmg/lOOOgm, 60mg/1000gm,90/mg/1000gm X axis - 6hr, 12hr, 24hr and 48hr 
Y axis - % Chromosomal aberration Y axis - % Chromosomal aberration 
Figure-10: Graph showing regressions on concentration and time for 
chromosomal aberrations {ex gaps) by 2,4-dichlorophenoxyacetic 
acid (2,4-D). 
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n 100 
Concentration 
0 20 40 go 10 100 
Concentration 
-20 0 20 40 ao 100 
Concentration 
20 30 40 90 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
Concentration 
X axis - 30mg/1000gm, 60mg/1000gni,90/mg/1000gm 
Y axis - % Chromosomal aberration 
Time (hr) after treatment 
X axis - 6hr, 12hr, 24hr and 48hr 
Y axis - % Chromosomal aberration 
Figure-11: Graph showing regressions on concentration and time for 
chromosomal aberrations (in gaps) by 2,4-dichIorophenoxyacetic 
acid (2,4-D). 
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Duration 
2,4-D 
6hr 
12hr 
24hr 
48hr 
Concentration 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
Mean ± SD 
Paired differences 
0.00 ± 0.82 
0.50±0.57 
0.00 ± 0.82 
0.25 ± 0.50 
0.00 ± 0.82 
0.00 + 0.82 
1.25±1.25 
0.50 ±0.58 
0.50 + 0.58 
0.50 ± 0.57 
0.25 + 0.50 
2.00+0.81 
0.50 + 0.58 
0.75 + 0.50 
0.75 ± 0.50 
0.00 + 0.82 
1.75+0.50 
0.50+1.00 
0.75 ± 0.98 
1.00 + 0.82 
%Mean±SEM 
0.75 ± 0.408 
1.25+0.28 
0.75 + 0.408 
1.00 + 0.250 
0.75 ± 0.408 
0.75 ± 0.408 
2.00+0.62 
1.25 + 0.288 
1.25 + 0.288 
1.25 + 0.288 
1.00 + 0.250 
3.00+0.408* 
1.50 + 0.288 
1.75 + 0.250 
200 ± 0.250 
0.75 ± 0.408 
2.50+0.25* 
1.25 + 0.500 
1.50 + 0.478 
1.75 + 0.408 
Solvent Control - Distilled Water, Positive Control - Cyclophosphamide 40 mg 
/ lOOOgm, Cl-30mg/1000gm, C2-60mg/1000gm, C3-90mg/1000gm,SD -
Standard deviation, SEM - Standard error of Mean, * - Significance 
Table-7 : Stickiness and pulverization induced by multiple concentration of 
2,4-diclilorophenoxyacetic acid (2,4-D) at different time intervals 
in Mm musculus. 
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3.5 
3 
I 
2.5 
c 
a> 
= 2 
c 
2 15 
9 
0 . 5 -
jgj j! 
«hr 12hr 24hr 48hr 
Time Interval 
D Solvent control (Distilled Water) • C-1 30mg/1 OOOgm 
i3 C-2 60mg/1 OOOgm 03 C-3 90mg/1 OOOgm 
S Positive Control (Cyclophosphamide 40mg/10000gm) 
Figure-12: Multiple concentration and duration dependent profiles of 
stickiness and pulverization (S & P) by 2,4-dichIorophenoxyacetic 
acid (2,4-D) in Mus musculus. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=nix+c 
.0033X+3.1000 
.200X+3.6000 
.0433X+4.300 
0.433X+3.300 
.0014X+3.2174 
.0333X+4.000 
.0435X+4.5217 
0.855X+3.8261 
Significance 
R^  
0.67 
.600* 
.966* 
.966* 
.003 
.242 
.391 
.513* 
Table-8: Regression on concentrations and time respectively for siickness 
and pulverization by 2,4-dichlorophenoxyacetic acid (2,4-D). 
80 
Concentration 
Concentration 
-20 0 20 40 W ao 100 
Concentration 
0 20 40 go ao 100 
Concentration 
X axes - 30mg/1000gm, 60mg/1000gm,90/mg/1000gm 
Y axes - % Mean frequency 
*2-
4.0 
3.1 
1.6 
3.4 
32 
3.0 
2J 
Solvent Control 
Time (hr) after treatment 
Time (hr) after treatment 
10 20 30 40 U 
Time (hr) after treatment 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes -%, Mean frequency 
Figure-13: Graph showing regressions on concentration and time for stickiness 
and pulverization by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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Figure-14 : Mean micronucleated polychromatic erythrocytes in percentage 
induced by pentachlorophenol (PCP) in Mm musculus for 
different concentrations and durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent 
20mg/1000gm 
30mg/1000gm 
40mg/1000gm 
Equation 
Y=nix+c 
.017X+6.1143 
.0486X+5.6571 
.2257X+7.171 
.2286X+5.8871 
.0014X+6.2174 
.0913X+6.695 
.1739X+6.0870 
.2000X+7.000 
Significance 
R^  
.257 
.751* 
.996* 
.994* 
.003 
.379 
.626* 
.637* 
Table-10: Regression on concentrations and time for micronucleated 
polychromatic erythrocytes by pentacliioroplienol (PCP). 
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-ID 0 10 20 30 40 50 
Concentration 
-10 0 10 20 30 40 so 
Concentration 
-10 0 10 20 30 40 50 
Concentration 
10 20 30 40 so 
Concentration 
X axes - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm 
Y axes - %,micronucleated polychromatic erythrocytes 
0 10 20 30 40 50 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes -%,micronucleated polychromatic 
Figure-15 : Graph showing regressions on concentration and time for % 
micronucleated polychromatic erythrocytes by pentachlorophenoi 
(POP). 
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Figure-16: Mean micronucleated polychromatic erythrocytes in percentage 
induced by 2,4-dichlorophenoxyacetic acid (2,4-D) in Mus 
musculus for different concentrations and durations. 
87 
On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent 
30 mg/lOOOgm 
60mg/1000gm 
90mg/1000gm 
. Equation 
Y=mx+c 
.OlOOx+5.800 
.0100+6.300 
.0677X+6.500 
.08000X+6.400 
.0014X+6.2174 
.0667X+6.000 
.1435X+5.5217 
.1565X+6.4783 
Significance 
R^ 
.600* 
.600* 
.952* 
.960* 
.003 
.920* 
.937* 
.704* 
Tabie-12: Regression on concentrations and time for micronucleated 
polychromatic erythrocytes respectively by 2,4-dichlorophenoxyacetic 
acid (2,4-D). 
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-20 
5.a 
-20 
0 20 40 60 to 100 
Concentration 
0 20 40 eo ao 100 
Concentration 
0 20 40 go eo 100 
Concentration 
7.2 
7.0 
6.0 
6.6 H 
6.0-
9.8 
Solvent Control 
0 20 40 60 90 100 
Concentration 
X axes - 30mg/1000gm, 60mg/1000gm,90/mg/1000gm 
Y axes - %,micronucleated polychromatic erythrocytes 
10 20 30 40 so 
Time (hr) after treatment 
10 20 30 40 so 
Time (hr) after treatment 
10 20 30 40 so 
Time (hr) after treatment 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes -%,micronucleated polychromatic 
Figure-17 : Graph showing regressions on concentration and time for % 
micronucleated polychromatic erythrocytes by 2,4-
dichlorophenoxyacetic acid (2,4-D). 
89 
Duration 
6hr 
12hr 
24hr 
48hr 
Concentration 
(PCP) 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
Mean ± SD 
Paired differences 
0.25 ± 0.98 
15.2514.03 
0.50 + 2.64 
1.25 + 0.38 
2.00 ± 0.82 
0.50 ±1.73 
36.75±3.40 
14.25 ± 3.86 
18.00 ±2.31 
22.25 ± 5.90 
0.00 ±3.16 
69.25 ± 0.98 
32.00 ± 5.48 
45.50 ± 5.06 
53.50 ±3.78 
0.00 ±2.16 
69.70 ± 2.62 
36.25 ± 6.29 
46.50 ± 5.00 
55.00 ±3.26 
%Mean±SEM 
4.93±0.48 
4.17±2.01 
4.91±1.32 
4.87±1.89* 
4.81±0.41* 
4.95±0.87 
3.11±1.70* 
4.23±1.93* 
4.05±1.15* 
3.83±2.95* 
4.92±1.58 
1.46±0.48* 
3.32±2.73* 
2.63±2.53* 
2.25±1.89* 
4.92±1.08 
1.45±1.31* 
2.98±3.14* 
2.60±2.50* 
2.17±1.63* 
Solvent Control - Ethanol, Positive Control - Cyclophosphamide 40 mg / lOOOgm, Cl-
20mg/1000gm, C2-30mg/1000gm, C3-40mg/1000gm, SD - Standard deviation, SEM -
Standard error of Mean, * - Significance 
TabIe-13: Mitotic indices in response to various concentration of 
pentachlorophenol (PCP) at difTerent time intervals in Mus 
musculus. 
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I 
i' 
6hr 12hr 24hr 
Time Interval 
D Solvent control (Ettianol) • C1 - 20mg/1 OOOgm 
E3 C-2 30mgyi OOOgm ED C-3 40mg/1 OOOgm 
BPositive Control (Cyclophosphamide 40mg/10000gm) 
4ahr 
Figure-18: Mean mitotic index in percentage induced by pentachlorophenol 
(PCP) in Mus musculus for different concentrations and 
durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent Control 
20 mg/lOOOmg 
30mg/1000gm 
40mg/1000gm 
Equation 
Y=mx+c 
-.0029X+4.9451 
-.0281X+4.8963 
-.0685X+4.8203 
-.0693X+4.7277 
-.0005X+4.940 
-.0430X+4.826 
-.0509X+4.6817 
-.0588X+4.588 
Significance 
R^  
.855* 
.976* 
.982* 
.951* 
371 
.828* 
.716* 
.725* 
Table-14: Regression on concentrations and time for mitotic index 
respectively by pentachlorophenol (PCP). 
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0 10 20 30 40 50 
Concentration 
0 10 20 30 40 so 
Concentration 
0 10 20 30 40 so 
Concentration 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
Concentration 
X axes - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm 
Y axes - %, Mitotic index 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes -%, Mitotic index 
Figure-19: Graph showing regressions on concentration and time for % 
mitotic index by pentachlorophenol (PCP). 
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Duration 
6hr 
12hr 
24hr 
48hr 
Concentration 
2,4-D 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
SC 
PC 
CI 
C2 
C3 
Mean ± SD 
0.25 ± 0.98 
15.2514.03 
0.25 ± 2.06 
2.25 ± 2.87 
2.00 + 2.94 
0.50 ±1.73 
36.75±3.40 
9.0013.16 
14.0013.55 
18.5014.43 
0.0012.94 
69.25 10.98 
17.5011.00 
25.25 13.40 
36.7511.89 
0.00121.60 
69.7012.62 
18.2510.98 
26.7514.03 
38.7511.50 
%MeaB±SEM 
4.9310.48 
4.1712.01 
4.9211.03 
4.8211.44 
4.8111.47 
4.9310.87 
3.11±1.70 
4.5011.58* 
4.2511.78* 
4.0212.22* 
4.9211.47 
1.4610.48 
4.0510.50* 
3.6611.70* 
3.0810.95* 
4.9211.08 
1.4511.31 
4.0110.48* 
3.47+2.01* 
2.9810.75* 
Solvent Control - Distilled Water, Positive Control - Cyclophosphamide 40 mg / lOOOgm, 
Cl-30mg/1000gm, C2-60mg/1000gm, C3-90mg/1000gm, SD - Standard deviation, SEM -
Standard error of Mean, •-Significance 
Table-15: Mitotic indices in response to various concentration of 2,4-
dichlorophenoxyacetic acid (2,4-D) at different time intervals 
in Mus musculus. 
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Time Interval 
D Solvent cxintrol (Distilled Water) QC- I 30mg/1000gm 
13 C-2 60mg/1 OOOgm DO C-3 90mg/1 OOOgm 
H Positive Control (Cyclophosphamide 40mg/10000gm) 
48hr 
Figure-20: Mean mitotic index in percentage induced by 2,4-
dichlorophenoxyacetic acid (2,4-D) in Mus musculus for 
different concentrations and durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
30mg/1000mg 
60 mg/lOOOgm 
90mg/1000gm 
Equation 
Y=-nix+c 
-.0015X+4.939 
-.0099X+4.872 
-.0197X+4.8714 
-.0212X+4.799 
-.005X+4.9404 
-.0194X+4.8070 
-.0292X+4.7061 
-.0411X+4.6313 
Significance 
R^  
.869* 
.975* 
.975* 
.976* 
.371 
.708* 
.785* 
.750* 
Table-16: Regression on concentrations and time for mitotic index by 
2,4-dichloroplienoxyacetic acid (2,4-D). 
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Concentration 
20 40 W M 100 
Concentration 
-20 0 20 40 60 80 100 
Concentration 
4.«S 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
Concentration Time (hr) after treatment 
X axes - SOmg/lOOOgm, 60mg/1000gm,90/mg/1000gm X axes - 6hr, 12hr, 24hr and 48hr 
Y axes - % mitotic index Y axes -%, mitotic index 
Figure-21: Graph showing regressions on concentration and time for % 
mitotic index by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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QUANTIFICATION OF LIPID PEROXIDATION 
The level of lipid peroxides in the liver homogenate were determined 
spectrophotometrically. One molecule of malondialdehyde (MDA) reacts 
stoichiometrically with 2 molecules of 2 thiobarbituric acid (TBA) at pH 3.5. 
The pink chromogen was detected spectrophiotometrically with extinction co-
efficient of 156mM\ cu"' at 532 nm. Under our experimental conditions, 
maximum lipid peroxidation with pentachalorophenol (PC?) was recorded at 
24hr of 40mg/1000gm bw i.e. 747.43 n mole/g liver with the p < 0.5 which is 
highly significant at 5% whereas minimum was recorded at 6hr of 
20mg/1000gm bw i.e. 430.12 n mole/g of liver which is non significant at 5% 
(Table 17). All the three concentration showed a recovery phase at 48hr of the 
treatment, but they were all significant at 5% as compared to the negative 
control. All the concentrations showed a time and dose dependent increase, but 
it was recorded that there was no significant increases in case of the treatments 
of 6hr duration (Table 19 and Figure 22). A significant and positive correlation 
was observed with time and concentration increase and lipid peroxides (Table 
20 and Figure 23). 
In case of 2,4-dichlorophenoxyacetic acid (2,4-D) minimum lipid 
peroxidation was seen at 6hr of 30mg/1000gm bw i.e. 429.48 n mole /g of liver 
as compared to the highest of 676.28 n mole /g of liver at 24hr of the 
90mg/1000gm body weight having a significant value i.e. p<0.05 (Table 18). 
Dose level of 30/lOOOgm body weight showed a quick recovery phase at 48hr 
of the treatment which was non significant. Whereas 60 and 90mg/1000gm 
treatments body weight showed a decrease though was significant as compared 
to solvent control. With both the chemicals time and dose dependent 
relationship was observed (Table 21 and Figure 24). A significant and positive 
correlation was observed with time and concentration increase and lipid 
peroxide (Table 22 and Figure 25). 
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Duration 
6hr 
12hr 
24hr 
48hr 
Dose 
(PCP) 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
Mean± SD 
OD reading 
.OOOi.OOO 
.OOOi.OOl 
.OOOi.OOl 
.OOli.OOl 
.OOOdb.OOO 
.OOli.OOl 
.002±.000* 
.018±.004* 
.OOOi.OOO 
.068±.002* 
.099±.006* 
.124±.004* 
.OOOi.OOO 
.059±.004* 
.045±.002* 
.122±.002* 
SC-Ethanol. 1 ml/lOOOgm bw 
Cl-20mg/1000gmbw 
C2- 30 mg/1000 gm bw 
C3-40mg/1000gmbw 
* Significance 
Table-17 : Effects on lipid peroxidation by different dose levels of 
pentachlorophenol (PCP) at different time intervals in 
the liver of mice {Mus musculus). 
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Duration 
6hr 
12hr 
24hr 
48hr 
Dose 
(2,4-D) 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
Mean± SD 
(OD readings) 
.OOi.OO 
.003±.00 
.002±.00 
.001±.002 
.OOOi.OOO 
.OOli.OOl 
.OOldb.OOl 
.012±.000* 
.OOOi.OOO 
.010±.003* 
.059±.004* 
.087±.001* 
.OOOi.OOO 
.OOli.OOO* 
.057±.005* 
.096±.003* 
SC- Distilled water 15 ml/lOOOgm bw 
CI- 30mg/1000 gmbw 
C2- 60 mg/1000 gm bw 
C3- 90 gm/1000 gm bw 
* Significance 
Table-18 : Effects on lipid peroxidation by different dose levels of 
2,4-dichlorophenoxyacetic acid (2,4-D) at different time 
intervals in the liver of mice (Mus musculus). 
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Dose Lipid peroxides nmol/MDA/g of liver 
PCP 6hr 12hr 24hr 48hr 
20mg/1000gm 430.12 432.05 604.48 579.48 
30mg/100gm 430.12 433.97 683.33 641.02 
40mg/100gm 431.41 475.64 747.43 741.02 
Solvent control 428.84 428.20 428.20 428.20 
Normal Control 426.92 426.92 426.92 426.92 
Table-19 : Estimated concentrations of lipid peroxides in liver by 
pentachlorophenol (PCP) in Mus musculm for different 
concentration and durations 
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800 
700 
600 
£ 500 
"S 
f 
S 400 
E 
S 
I 300 
200 
100-
6tV 12hr 24hr 48hr 
Time Interval 
pSolvent control • 20m9/1 OOOgm C3 30mg/1 OOgm H AOmg/l OOgrrTI 
Figure-22: Histogram showing the lipid peroxides in liver of Mus 
musculus induced by pentachlorophenol (PCP) for different 
concentrations and durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
20 mg/lOOOgm 
30mg/1000gm 
40mg/1000gm 
Equation 
Y=mx+c 
.0587X+428.801 
.9873+420.252 
8.0678X+434.335 
7.6483X+425.342 
-.0102X+428.59 
3.9130X+423.490 
5.5240X+422.820 
7.6374X+427.034 
Significance 
R^  
.913* 
.574* 
.996* 
.994* 
.351 
.605* 
.586* 
.706* 
TabIe-20: Regression on concentrations and time respectively for lipid 
peroxidation by pentachlorophenol (PCP). 
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•10 0 10 » M 40 so 
Concentration 
-to 0 10 20 30 40 so 
Concentration 
-10 0 10 20 30 40 so 
Concentration 
10 20 30 40 SO 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
-10 0 10 20 30 40 50 
Concentration 
X axes - 20mg/1000gm, 30mg/1000gm,40/mg/1000gin 
Y axes - n mol MDA/g of liver 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes - n mol MDA/g of liver 
Figure-23 : Graph showing regressions on concentration and time for 
lipid peroxidation by pentachlorophenol (PCP). 
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Dose 
2,4-D 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
Solvent control 
Normal Control 
Lipid peroxides n 
6hr 
429.48 
430.12 
431.41 
428.84 
426.92 
12hr 
432.05 
432.69 
460.89 
428.20 
426.92 
mol/MDA/g 
24hr 
455.12 
580.76 
653.84 
428.20 
426.92 
of liver 
48hr 
431.41 
575.64 
676.28 
428.20 
426.92 
TabIe-21 : Estimated concentrations of lipid peroxides in liver by 2,4-
dichlorophenoxyacetic acid (2,4-D) in Mus muscidm for 
different concentration and durations. 
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D Solvent control •30lllg/1000gm E360mg/1000gm Il90mg/1000gm 
Figure-24: Histogram showing the lipid peroxides in liver of Mus 
musculus induced by 2,4-dichlorophenoxyacetic acid (2,4-D) 
for different concentrations and durations. 
106 
On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=mx+c 
.0278X+428.710 
.3290X+423.651 
2.6752X+409.096 
2.9616X+394.612 
-.0102X+428.590 
.0586X+435.696 
3.77776X+419.803 
6.0563X+419.338 
Significance 
R^  
.965* 
.714* 
.951* 
.906* 
.351 
.008 
.685* 
.751* 
Table-22: Regression on concentrations and time for lipid peroxidation by 
2,4- dichlorophenoxyacetic acid (2,4-D). 
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^ 0 20 40 go to IOC 
Concentration 
^ 0 20 40 so to 100 
Concentration 
-20 0 20 40 to to 100 
Concentration 
0 10 20 30 40 so 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
20 40 so 90 100 
Concentration 
X axes - 30mg/1000gm, 60mg/1000gm,90/mg/1000gm 
Y axes - n mol MDA/g of liver 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hT and 48hr 
Y axes - n mol MDA/g of liver 
Figure-25: Graph showing regressions on concentration and time for 
lipid peroxidation by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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MEASUREMENT OF REDUCED GLUTATHIONE: 
The amount of reduced glutathione in the liver homogenate was 
measured by the assay based on the reduction of 5'5 dithiobis-2-nitrobenzoic 
acid (DTNB) by SH groups of glutathione to form 2 nitro-5-mercaptobenzoic 
acid per molecule of glutathione. The product was measured 
spectrophotometrically at 412 nm using the extinction co-efficient of 13.7mM"' 
cm'. Under our ejq)erimental conditions the treated samples for PCP showed 
the maximum damage at the 24hr of the 40mg/1000gm bw of the treatment. It 
was recorded as 3.65 |im/g of liver against the solvent control of 8.75|im/g of 
liver at 5%. All the three concentration were significant at the 24hr treatment. 
(Table 23). Concentration 20mg and 30mg/1000gm bw showed a recovery 
phases at 48hr of the treatment. The minimum depletion of glutathione was 
recorded at 6hr of the 20mg/ lOOOg bw i.e. 8.69nm/g of liver. Table 25 and 
figure 26 shows a time and dose dependent relationship. A significant and 
negative correlation was observed with time and concentration increase and 
glutathione content (Table 26 and Figure 27). 
The 2,4-dichlorophenoxyacetic-acid showed the maximum damage at 
the 48hr treatment at the 90mg/1000gm body weight dose i.e. 5.71 [im/g of 
liver as compared to the solvent control of SJ5\imJg of liver whereas 12 and 
48hr of the same concentration also showed the significant damage (Table 24). 
The concentration of 30/lOOOmg body weight showed a recovery phases at 
48hr of the treatment but still the damage was significant (Table 27). The 
minimum damage was recorded at 6hr of the treatment i.e. 8.72^m/g of liver. 
The figure 28 shows the effect of various concentration of 2,4-
dichorophenoxyaetetic acid (2,4-D) at different time interval in mice Mus 
musculus. A significant and negative correlation was observed with time and 
concentration increase and glutathione content (Table 28 and Figure 29). 
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Duration 
6hr 
12hr 
24hr 
48hr 
Dose 
(PCP) 
SC 
CI 
C2 
- C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
Mean± SD 
OD readings 
.OOOi.OOO 
.002±.001 
.003±.001 
.004±.001 
.OOOi.OOO 
.003±.000* 
.042±.023* 
.I02±.003* 
.OOOi.OOO 
.762±.004* 
.136±.003* 
.174±.001* 
.OOOi.OOO 
.054±.005* 
.137±.000* 
.172±.001* 
SC-Ethanol Iml/lOOOgm bw 
Cl-20mg/1000gmbw 
C2- 30 mg/1000 gm bw 
C3- 40 gm/1000 gm bw 
* Significance 
TabIe-23 : Effects on glutathione by different dose levels of 
pentachlorophenol (PCP) at different time intervals in 
the liver of mice {Mus musculus). 
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Duration 
6hr 
12hr 
24hr 
48hr 
Dose 
(2,4-D) 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC-Distilled Water 15ml/1000g 
CI- 30mg/1000gmbw 
C2- 60mg/1000gmbw 
C3-90 gm/1000 gm bw 
* Significance 
Mean± SD 
OD readings 
.OOOi.OOO 
.OOOi.OOO 
.002±.001 
.002±.001 
.OOOi.OOl 
.002±.000* 
.023±.002* 
.405±.004* 
.OOOi.OOO 
.036±..033* 
.076±.004* 
.102±.001* 
.OOi.OOO 
.004±.002* 
.077±.005* 
.104±.002* 
bw 
Table-24 : Effects on glutathione by different dose level of 2,4-
dichlorophenoxyacetic acid (2,4-D) at different time 
intervals in the liver of mice {Mus musculus). 
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Dose 
PCP 
20mg/1000gm 
30mg/1000gm 
40mg/1000gm 
Solvent control 
Normal control 
Glutathione content 
6hr 
8.69 
8.64 
8.62 
8.75 
8.75 
12hr 
8.66 
7.15 
5.76 
8.75 
8.75 
\i mol/gram 
24hr 
6.52 
4.76 
3.65 
8.74 
8.75 
of liver 
48hr 
7.13 
4.74 
3.72 
8.75 
8.75 
Table-25: Estimated concentrations of glutathione content in liver of 
Mm musculm by pentachlorophenol (PCP) for different 
concentration and durations. 
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24hr 
Time Interval 
I DSotvent control •20mg/1000gm B30mg/1000gm ElAOmg/IOOOgml 
Figure 26: Histogram showing the glutathione content in liver of Mus 
musculus induced by pentachlorophenol (PCP) for different 
concentrations and durations. (For 6hr no change observed). 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
20mg/1000gm 
30mg/1000gm 
40mg/1000gm 
Equation 
Y=mx+c 
-.0034X+8.7509 
-.0733X+9.2283 
-.1296X+8.8329 
-.1303X+9.0177 
-1.E.05X+8.7478 
-.0413X+8.6787 
-.1087X+83622 
-.113X+8.6343 
Significance 
R^  
.985* 
.778* 
.992* 
.953* 
.003 
.489 
.825* 
.852* 
Table-26: Regression on concentrations and time for gluthathione 
content by pentachlorophenol (PCP). 
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.10 0 10 20 30 40 M 
Concentration 
•10 0 10 20 W 40 so 
Concentration 
10 20 30 40 
Concentration 
0 10 20 30 40 iO 
Time (hr) after treatment 
0 10 20 30 40 so 
Time (hr) after treatment 
Time (hr) after treatment 
10 20 30 40 so 
Concentration 
X axes - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm 
Y axes - n mol/g liver 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes - n mol /g liver 
Figure-27: Graph showing regressions on concentration and time 
respectively for glutathione content by pentachlorophenol (PCP). 
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Dose ^ Glutathione content n moi/gram of liver 
2,4-D 6hr 12hr 24hr 48hr 
30mg/1000gm 8.72 8.67 7.67 8.62 
60mg/1000gm 8.70 8.08 6.51 6.49 
90mg/1000gm 8.69 7.56 5.75 5.71 
Solvent control 8.75 8.75 8.74 8.75 
Normal control 8.75 8.75 8.75 8.75 
Table-27: Estimated concentrations of glutathione content in liver of Mus 
musculm by 2,4 dichlorophenoxyacetic acid (2,4-D) for 
different concentration and durations. 
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Figure 28: Histogram showing the glutathione content in liver of Mus 
musculus induced by 2,4-dichiorophenoxyacetic acid (2,4-D) 
for different concentrations and durations (For 6hr no change 
was observed). 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
30mg/100gm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=mx+c 
-.0007X+8.7450 
-.0139X+8.8890 
-.0338X+8.6870 
-.0375X+9.0800 
-1.E-05X+8.7478 
-.0035X+8.4983 
-0.513X+8.600 
-.0662X+8.4174 
Significance 
R^  
.952* 
.930* 
.993* 
.905* 
.003 
.017 
.724* 
.714* 
TabIe-28: Regression on concentrations and time for gluthathione content 
by 2,4-dichIorophenoxyacetic acid (2,4-D). 
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-10 0 10 20 30 40 so 
Concentration 
-10 0 10 20 30 40 so 
Concentration 
-ID 0 10 20 30 40 
Concentration 
20 30 40 so 
Time (hr) after treatment 
10 20 30 40 
Time (hr) after treatment 
Time (hr) after treatment 
0 to 20 30 40 so 
Concentration 
X axes - 30mg/1000gm, 60mg/1000gm,90/mg/1000gm 
Y axes - ^ mol/g liver 
40 SO 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes -nmol /g liver 
Figure-29: Graph showing regressions on concentration and time for 
glutathione content by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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ALANINE TRANSAMINASE (ALT) AND ASPARTATE 
TRANSAMINASE (AST) 
The pyruvate produced by the transamination by ALT which reacts with 
2,4,-dinitrophenylhydrazine (DNPH) to give a brown-coloured hydrazone, 
which is measured in the colorimeter at 510 m^i. The oxalacetate formed reacts 
with AST decarboxylates spontaneously to form pyruvate, which is again 
measured by hydrazone formation. In both the estimations, the concentration of 
the substrate are sub optimal, to reduce the background colour given by a-
ketoglutarate in reaction with DNPH. The relationship of \i mole pyruvate per 
min. per litre in the colorimetric reaction in international units is determined 
spectrophotometrically at 25°C. 
In pentachlorophenol treated samples, the maximum increase in 
asparatate transaminase was seen at 48hr of 40mg/1000gm bw i.e. 56.25 
lU/litre of blood which is highly significant at 5%. The other two dose levels of 
24 were also significant. For pentachlorophenol treated samples maximum 
repair in damage was seen at the 48hr of I*' dose level i.e. 20mg/1000gm bw. 
Although there was a repair of damage for other 2 remaining dose levels 
nevertheless the effect was significant one (Table 29). The minimal increase in 
the AST concentration was seen at 6hr of treatment for all the dose levels 
(Table 33). The figure 30 shows the time and dose dependent consistency level 
of chemical. A significant and positive correlation was observed with time and 
concentration increase and AST content (Table 34 and Figure 31). 
For ALT, pentachlorophenol (PCP) treated samples showed a maximum 
of increase i.e. 68.50 lU/litre of blood at 24hr of 40mg/1000gm bw (Table 30). 
For other dose levels of the same time interval, the values were significant. 
Dose level 30mg/1000gm bw showed an increase at all the 4 time intervals but 
was non-significant for 6hr and 12hr at 5% as compared to the solvent control 
i.e 18.50 lU / litre (Table 30). Repair for the damage was not observed for all 
the three dose levels but 90mg/1000bw resulted in significant increase. The 
figure 37 shows the comparison of all the dose levels at different time intervals 
with solvent and normal control. A significant and positive correlation was 
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observed with time and concentration increase and ALT content (Table 38 and 
Figure 35). 
The calculated values for ALT / AST ratio was again observed 
maximum in 24hr and 48hr of 30 mg/lOOOgm and for 40mg/1000gm of body 
weight for pentachlorophenol i.e. 1.30, 1.43 and 1.20 and 1.22 lU/ litre of 
blood as compared to the solvent control 0.61 lU/litre. Minimum ALT / AST 
ratio was observed in 6hr of every dose level (Table 41). The figure 38 shows 
the time and dose dependent relationship of pentachlorophenol. A significant 
and positive correlation was observed with time and concentration increase and 
ALT / AST content. 
In 2,4-dichlorophenoxyacetic acid treated samples the increase in AST 
was maximum 24hr of the 90mg/1000 gm bw dose level i.e. 44.25 lU/ liter of 
as compared to the solvent control i.e. 30.25 lU/ liter (Table 31). Repair in the 
damage was seen at 48hr of the treatment for all the CI and C3 dose levels, but 
only 30mg/1000gm body weight as non significant, and other dose levels i.e 60 
and 90 mg/1000 gm bw were significant (Table 35). The 6hr and 12hr of all the 
three dose levels turned out to be a non significant for all the 4 time intervals 
irrelevant of small increase. The figure 32 illustrates the dose and time 
dependent relationship of the chemical, 2-4 dichlorophenoxyacetic acid. A 
significant and positive correlation was observed with time and concentration 
increase and AST content (Table 36 and Figure 33). 
The same trend was followed by the ALT maximum increase was 
observed for 48hr of the 90mg/1000gm of bw i.e. 53 lU/ litre of blood which is 
significant it 5% as compared to the solvent control 18.50 lU/ litre (Table 31). 
All the three concentrations showed significant increase at 24hr time interval as 
compared to the solvent the same trend was followed by the 48hr of all the 
three concentration resulting in an significant increase when contrasted with 
solvent control (Table 37). Rest of the concentration showed an non-significant 
increase at 6hr and 12hr of treatment. A significant and positive correlation was 
observed with time and concentration increase and ALT content (Table 39 and 
Figure 37). 
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For 2-4-dichlorophenoxyacetic acid maximum ALT/ AST ratio was 
observed at the 24hr of the 90mg/1000gm bw i.e. 1.36 lU/litre of blood against 
the solvent control of 0.61 lU/litre (Table 43). In 2,4,D only four observed 
values were exceeding 1.00 i.e. 24hr and 48hr of 60 mg/lOOOgm bw and 24hr 
and 48hr of 90 gm/lOOO gm bw. The figure 40 establishes a time and dose 
dependent relationship for 2,4-dichlorophenoxyacetic acid. For all the three 
concentrations values of ALT/AST ratio below 1 for 6 and 12hr were observed. 
A significant and positive correlation was observed with time and 
concentration increase and ALT / AST (Table 44 and Figure 41). 
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Duration 
6hr 
12hr 
24hr 
48hr 
Dose 
(PCP) 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
Mean± SD 
OD reading 
0.250±0.500 
0.500±0.577 
1.250±0.500 
1.750±1.258 
1.250±1.707 
0.250±1.500 
1.250±1.500 
7.000±1.414 
0.500±1.000 
6.500 ±2.081* 
11.000±1.632* 
24.000±3.360* 
0.250±0.500 
2.000±1.154* 
2.000±1.825 
26.25±2.500* 
Cl-20mg/1000gmbw 
C2- 30 mg/1000 gm bw 
C3-40mg/1000gmbw 
SC-Ethanol 15ml/1000gm 
* Significance 
Table-29 : Effect on aspartate transaminase (AST) by different 
dose level of pentachlorophenol (PCP) at different time 
intervals in the liver of mice {Mus musculus). 
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Duration 
6hr 
12hr 
24hr 
48hr 
Dose 
(2,4-D) 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
Mean± SD 
OD reading 
0.000±0.864 
0.500±1.000 
1.000±1.150 
1.250±0.957 
0.250±0.500 
1.00±0.816 
2.500±0.577* 
6.250±0.957* 
0.250±0.957 
18.00±1.632* 
35.500±1.290* 
46.500±1.000* 
0.250±0.500 
10.750±1.707* 
37.750±0.500* 
49.750i:1.258* 
Cl-20mg/1000gmbw 
C2-30mg/1000gmbw 
C3- 40 mg/1000 gm bw 
SC-Ethanol 15mg/1000gm 
* Significance 
Table-30: Effect on alanine transaminase (ALT) by different dose 
level of pentachlorophenol (PCP)at different time 
intervals in the liver of mice {Mus musculus). 
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Duration Dose (2,4-D) 
Mean± SD 
OD reading 
6hr 
12hr 
24hr 
48hr 
sc 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
0.250±0.500 
0.000±2.449 
0.750±0.957 
1.750±1.707 
1.250±1.707 
0.250±1.500 
0.750±0.957 
1.500±1.732 
0.500±1.000 
3.000±0.816* 
5.7500±1.258* 
13.750±2.061* 
2.500±0.500 
2.250±0.500* 
8.000±1.414* 
10.250±1.707* 
Cl-30mg/1000gmbw 
C2-60mg/1000"gmbw 
C3- 90 mg/1000 gm bw 
SC-Distilled water 15/ml/lOOOgm 
* Significance 
Table-31: Effects on aspartate transaminase (AST)hy different dose level 
of 2,4,-dichlorophenoxyacetic acid (2,4-D) at different time 
intervals in the liver of mice (Mus musculus). 
Duration 
6hr 
12hr 
24hr 
48hr 
Dose 
(2,4-D) 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
SC 
CI 
C2 
C3 
Meaii± SD 
OD reading 
0.000±0.88l 
0.250±0.957 
0.750±0.957 
-1.000±1.154 
0.250±0.500 
0.250±0.957 
0.500±0.577 
0.200±8.16 
0.250±0.957 
5.000±0.864* 
20.000±0.816* 
34.000±0.816* 
0.250±0.500 
1.500±0.577* 
20.000±0.816* 
34.250±1.258* 
Cl-30mg/1000gmbw 
C2-60mg/1000gmbw 
C3- 90 mg/1000 gm bw 
SC- Distilled water 15ml/1000gm 
* Significance 
Table-32: Effect on alanine transaminase {ALT) by different dose 
level of 2,4,-dicIiloroplienoxyacetic acid (2,4-D) at 
different time intervals in the liver of mice (Mus 
musculus). 
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PCP concentration in lU/liter 
Dose 6hr 12hr 24hr 48hr 
20mg/1000gm 30.75 31.50 37.00 32.25 
30mg/1000gm 31.50 32.50 41.50 39.50 
40mg/1000gm 32.00 38.75 54.50 56.25 
Solvent control 30.25 30.25 30.50 30.25 
Normal control 30.00 30.00 30.00 30.00 
Table-33 : Estimated concentrations of aspartate transaminase (AST) in 
blood of Mus musculus for different concentration and 
durations of pentachlorophenol (PCP). 
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12hr 24hr 
Time Interval 
I g Solvent control O 20mg/1 OOOgm ED SOmg/l OOOgm e340mg/1000gm { 
Figure-30: Histogram showing aspartate transaminase in blood of Mus 
Musculus induced by pentachlorophenol (PCP) for different 
concentration and time durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
20 mg/lOOOgm 
30mg/1000gm 
40 mg/lOOOgm 
Equation 
Y=mx+c 
0.443X+301286 
.1857X+29.0714 
.5457X+28.4714 
.5879X+26.3357 
.0004X+30.3043 
.0446X+31.9348 
.2014X+31.7174 
.5547X+32.7065 
Signiflcance 
R^  
.947* 
.704* 
.883* 
.743* 
.003 
.087 
.562* 
.777* 
Table-34: Regression on concentrations and time for aspartate 
transaminase (AST) respectively by pentachlorophenol (PCP). 
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6hrX 
/ 
-10 0 10 20 30 40 50 
Concentration 
0 10 20 30 40 50 
Concentration 
-10 0 10 20 30 40 50 
Concentration 
Solvent Control 
10 20 30 40 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
0 10 20 30 40 so 
Concentration 
X axes - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm 
Yaxes-IU/liter 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Yaxes-IU/liter 
Figure-31 : Graph showing regressions on concentration and time for 
aspartate transaminase (AST) by pentachlorophenol (PCP). 
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2,4-D concentration in lU/ litre 
Dose 6hr 12hr 24hr 48hr 
30mg/1000gm 30.25 31.50 33.5 32.50 
60mg/1000gm 31.00 32.00 36.25 38.25 
90mg/1000gm 32.00 32.75 44.25 40.75 
Solvent control 30.25 30.25 30.50 30.25 
Normal control 30.00 30.00 30.00 30.00 
Table 35: Estimated concentrations of aspartate transaminase {AST) in 
blood of Mus musculus for different concentration and 
durations of 2,4-dichlorophenoxyacetic acid (2,4-D). 
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Figure 32: Histogram showing aspartate transminase {AST) in blood of 
Mus musculus induced by 2,4-dichIorophenoxyacetic acid (2,4-
D) for different concentration and time durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
30 mg/lOOOgm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=mx+c 
.0200X+29.9750 
.0267X+30.4250 
.1467X+29.5250 
.1225X+29.5250 
.004X+30.3043 
.0475X+30.869 
.1761X+30.4130 
.2196X+32.4304 
Significance 
R^ 
.873* 
.966* 
.926* 
.957* 
.003 
.402 
.902* 
.465 
TabIe-36: Regression on concentrations and time for aspartate 
transaminase {AST) respectively by 2,4-dichlorophenoxyacetic 
acid (2,4-D). 
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20 40 60 so 
Concentration 
Concentration 
-20 0 20 40 60 90 100 
Concentration 
* 2 T 
Time (hr) after treatment 
10 20 
Time (hr) after treatment 
Time (hr) after treatment 
Concentration 
X axes - 30mg/1000gm, 60mg/1000gm,90/mg/1000gin 
Y axes - 1 U/liter 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes - 1 U/liter 
Figure-33: Graph showing regressions on concentration and time for 
aspartate transaminase {AST) by 2,4-dichlorophenoxyacetic 
acid (2,4-D). 
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PCP Dose 
20mg/1000gm 
30mg/1000gm 
40mg/1000gm 
Solvent Control 
Normal control 
6hr 
19.25 
19.50 
19.75 
18.50 
18.50 
concentration 
12hr 
19.75 
21.25 
24.75 
18.75 
18.50 
in lU/litre 
24hr 
36.75 
54.25 
65.25 
18.75 
18.50 
48hr 
29.50 
56.50 
68.50 
18.75 
18.50 
Table-37: Estimated concentrations of alanine transaminase (ALT) in 
blood of Mus musculus for different concentration and 
durations of pentachlorophenol (PCP). 
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• Solvent Control • 20mg/1 OOOgm B 30mg/1000gm m 40mg/1000gm ( 
Figure-34 : Histogram showing alanine transaminase (ALT) in blood of 
Mus musculus induced by pentachlorophenol (PCP) for 
different concentration and time durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
30 mg/lOOOgm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=nix+c 
.0314x±l 8.5429 
.1386x±l 8.0071 
1.1829±17.135 
1.2819x±14.3357 
.0040x±l 8.5978 
.2728x±20.1739 
.9442x± 16.63 
1.2163x±17.19 
Significance 
R^  
.988* 
.812* 
.982* 
.906* 
.351 
.363 
.751* 
.762* 
Table-38: Regression on concentrations and time for alanine transaminase 
{ALT) by pentachlorophenol (PCP). 
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-10 0 10 20 30 40 50 
Concentration 
40 50 
Time (hr) after treatment 
-10 0 10 20 30 40 90 0 10 20 30 40 50 
Concentration Time (hr) after treatment 
-10 0 10 20 30 40 so 
Concentration Time (hr) after treatment 
-10 0 10 20 30 40 50 
Concentration Time (hr) after treatment 
X axes - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm X axes - 6hr, I2hr, 24hr and 48hr 
Yaxes-IU/liter Y axes - 1 U/liter 
Figure -35: Graph showing regressions on concentration and time for 
alanine transaminase (ALT) by pentachlorophenol (PCP). 
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2, 4-D 
Dose 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
Solvent control 
Normal control 
6hr 
18.75 
19.25 
19.25 
18.50 
18.50 
concentration 
12hr 
19.00 
19.25 
20.75 
18.75 
18.50 
in lU / litre 
24hr 
23.75 
38.75 
52.75 
18.75 
18.50 
48hr 
20.25 
38.75 
53.00 
18.75 
18.50 
Table 39: Estimated concentrations of alanine transaminase {ALT) in 
blood of Mm mmculus for different concentration and 
durations of 2,4-dichloroplienoxyacetic acid (2,4-D). 
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• Solventcxjntrol • 30mg/1 OOOgmED60mg/1 OOOgm EOSOmg/lOOOgm\ 
Figure 36: Histogram showing alanine transaminase {ALT) in blood of Mus 
musculus induced by 2,4-dichlorophenoxyacetic acid (2,4-D) for 
different concentration and time durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
Equation 
Y=mx+c 
+.0099X+18.5110 
+.0208X+18.5000 
.39000X+15.9500 
.4042X+14.5000 
Significance 
.993* 
.806* 
.963* 
.921* 
On Time 
Solvent control 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
.0040X+18.604 
.0417X+19.500 
.5087+17.5543 
.8637X+17.0209 
.328 
.113 
.704* 
.715* 
Table-40: Regression on concentrations and time for alanine transaminase 
{ALT) by 2,4-dichIorophenoxyacetic acid (2,4-D). 
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• 
/ 
6hr y 
/ 
y 
y 
20 40 60 80 100 
Concentration 
20 40 go so 100 
Concentration 
-20 0 20 40 SO to 100 
Concentration 
Time (hr) after treatment 
10 20 30 40 50 
Time (hr) after treatment 
Time (hr) after treatment 
Concentration 
X axes - 30mg/1000gm, 60mg/1000gin,90/mg/1000gm 
Y axes -1 U/liter 
Time (hr) after treatment 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes-I U/liter 
Figure-37: Graph showing regressions on concentration and time for 
alanine transaminase {ALT) by 2,4-dichlorophenoxyacetic acid 
(2,4-D). 
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PCP 
Dose 
20mg/1000gm 
30mg/1000gm 
40mg/1000gm 
Solvent control 
Normal control 
6hr 
0.62 
0.61 
0.61 
0.61 
0.61 
lU/ Litre 
12hr 
0.62 
0.65 
0.63 
0.61 
0.61 
24hr 
0.99 
1.30 
1.20 
0.61 
0.61 
48hr 
0.89 
1.43 
1.22 
0.62 
0.61 
Table-41 : Estimated concentrations of ALT/AST ratio in blood of Mm 
musculus for different concentration and durations of 
pentachlorophenol (PCP). 
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Figure-38 : Histogram showing the ALT/ AST ratio in blood of Mus 
musculus induced by pentachlorophenol (PCP) for different 
concentration and time durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent control 
20 mg/1000 mg 
30 mg/lOOOmg 
40mg/1000gm 
Equation 
Y=nix+c 
-3.E-05X+..6130 
.0007X+.6114 
.0166X+.6509 
.01842+.6229 
-
.0072X+.6183 
.0208X+.5296 
.0157X+.5622 
Significance 
.100 
.510* 
.865* 
.758* 
-
.498 
.815* 
.730* 
Table-42: Regression on concentrations and time for ALT/AST ratio by 
pentachlorophenol (PCP). 
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0 10 20 30 40 so 
Concentration 
0 10 20 30 40 50 
Concentration 
0 10 20 30 40 so 
Concentration 
10 20 30 40 50 
10 20 30 40 50 
1.4 
U -
1.0 
.8. 
.8 
Time (hr) after treatment 
30mg/1000gm y^ 
X 
/ ^ 
y^ 
^ 
Time (hr) after treatment 
Time (hr) after treatment 
Concentration 
X axes - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm 
Yaxes-IU/liter 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes - 1 U/liter 
Figure-39: Graph showing regressions on concentration and time for 
ALT/AST ratio by pentachlorophenol (PCP). 
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2,4,D Dose 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
Solvent control 
Normal control 
6hr 
0.61 
0.62 
0.60 
0.61 
0.61 
lU/ litre 
12hr 
0.60 
0.60 
0.63 
0.61 
0.61 
1 
24hr 
0.70 
1.06 
1.36 
0.61 
0.61 
48hr 
0.62 
1.00 
1.30 
0.61 
0.61 
Table 43: Estimated concentrations of ALT/AST ratio in blood of Mm 
musculm for different concentration and durations of 
2,4-dichlorophenoxyacetic acid (2,4-D). 
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Figure 40: Histogram sliowing the ALT/ AST ratio in blood of Mus 
musculus induced by 2,4-dichlorophenoxyacetic acid (2,4-D) 
for different concentration and time durations. 
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On Concentration 
6hr 
12hr 
24hr 
48hr 
On Time 
Solvent Control 
30 mg/1000 mg 
60 mg/lOOOmg 
90,g/1000gm 
Equation 
Y=mx+ 
-7.E-5X+.613 
.002X+6010 
.0087X+5410 
.00852X+.5150 
-
.0005X+.6217 
.0102X+.5904 
.0180X+.5665 
Significance 
R^ 
.100 
.300 
.954* 
.906* 
-
.038 
.604* 
.656* 
Table-44: Regression on concentrations and time for ALT/AST ratio 
respectively by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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-20 0 20 40 <0 M> <00 
Concentration 
•20 0 20 40 00 to 100 
Concentration 
-20 0 20 40 SO N 100 
Concentration 
10 20 30 40 50 
Time (hr) after treatment 
10 20 30 40 50 
Time (hr) after treatment 
Time (hr) after treatment 
0 20 40 to 60 100 
Concentration 
X axes - 30mg/1000gm, 40mg/1000gm,60/mg/1000gm 
Y axes - 1 U/liter 
X axes - 6hr, 12hr, 24hr and 48hr 
Y axes - 1 U/liter 
Figure-41: Graph showing regressions on concentration and time for 
ALT/AST ratio by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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Temperature induced melting of normal hepatic DNA pentachlorphenol 
(PCP) and 2,4-dichlorophenoxyacetic acid (2,4-D) modified hepatic DNA 
The structural changes in hepatic DNA by PCP and 2,4-D treatment 
were further characterized by measuring the progress of denaturation of PCP 
and 2,4,-D preparations at 260nm as a function of temperature (Table 45). 
Melting behaviour of normal, PCP and 2,4-D modified hepatic DNA 
samples were monitored over a temperature range of 30-90°C at the rate of 
1 .S^C/min and the increase in absorbance at 260nm was taken as a measure 
of melting. Under our experimental conditions, the normal and modified 
DNA did not show any melting below 30°C. The PCP-modified hepatic 
DNA (40mg/1000gm of body weight) showed early melting as compared to 
the rest of the concentrations. Sample of the 48hr duration showed late 
melting than for 24hr (Figures 46 to 51). A significant and positive 
correlation was observed with time and concentration increase and Tm (Table 
46 and Figure 42). 
The samples of 2,4-D treated DNA showed early melting at 
90mg/1000 gm bw for 24hr as compared to rest of the concentration. Here, 
48hr treatment again showed late mehing than the 24hr (Table 47). In both 
the cases, the treatment for 24hr showed early melting, whereas PCP 
treatment was seen to have more potent effect than 2,4-D. The UV 
absorption and thermal denaturation characteristic of normal and modified 
hepatic DNA forms are listed in (Figure 44, 45 and 52-57). A significant and 
positive correlation was observed with time and concentration increase and Tm 
(Table 47 and Figure 43). 
The results of this study depicts that PCP and 2,4-D modification of 
DNA affects melting temperature. Furthermore the modification appears to 
have altered the structure of DNA. 
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PCP dose Melting temperature (T^) 
24hr 48hr 
20mg/1000gm 69°C 70°C 
30mg/1000gm 66°C 68°C 
40mg/1000gm 60°C 62°C 
Solvent control 72°C 72°C 
Normal hepatic DNA 72*'C 72°C 
Table 45: Melting profile (TJ of hepatic DNA after 24 and 48hr 
treatment by different doses of pentachlorophenol (PCP) in 
mice {Mus mmculus). 
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On Concentration 
24hr 
48hr 
On Time 
Solvent Control 
20 mg/1000 mg 
30mg/1000mg 
40mg/1000mg 
Equation 
Y=mx+c 
-.2829+73.114 
-2.2286X+73.1429 
-
.0417X+68.00 
.0833+64.00 
.0833X+8800 
Significance 
R^  
.889* 
.816* 
-
1.00* 
1.00* 
1.00* 
Table-46: Regression on concentrations and time for melting profile (Tm) 
by pentachlorophenol (PCP). 
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Figure-42 : Graph showing regressions on concentration and time for 
melting temperature (T J by pentachlorophenol (PCP). 
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2,4-D dose Melting temperature (Tm) 
24hr 48hr 
30mg/1000gm 70°C 7 r c 
60mg/1000gm 68°C 69°C 
90mg/1000gm 64°C 67°C 
Solvent control 72°C 72°C 
Normal hepatic DNA 72°C 72°C 
Table-47: Melting profile (TJ of hepatic DNA after 24 and 48hr of 
treatment by different doses 2,4-dichlorophenoxyacetic acid 
(2,4-D) in mice {Mm musculm). 
iss 
On Concentration 
24hr 
48hr 
On Time 
Solvent 
30 mg/lOOOgm 
60mg/1000gm 
90 mg/lOOgm 
Equation 
Y=mx+c 
.0867X+72.400 
.0567X+72.300 
-
.0417X+69.00 
.0417X+67.000 
.0250X+61.00 
Significance 
.960* 
.980* 
-
1.00* 
1.00* 
1.00* 
Table-48 : Regression on concentrations and time for melting profile (Tm) 
by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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Figure-43: Graph showing regressions on concentration and time for 
melting temperature (T^) by 2,4-dichlophenoxyacetic acid 
(2,4-D). 
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Figure-44: Melting profile of native hepatic DNA. 
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Figure-45 : Melting profile of solvent treated native hepatic DNA 
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Figure-46 -.Melting profile of pentacholorophenol (PCP) treated hepatic 
DNA at 24hr interval at 20 mg/kg of bw. 
Figure-47 : Melting profile of pentachlorophenol (PCP) treated DNA at 
24hr interval at 30 mg/kg of bw. 
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Figure-48: Me////!^ profile of pentachlorophenol (PCP) treated hepatic 
DNA at 24hr interval at 40 mg/kg of bw. 
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Figure-49: Afeftiiig profile of pentachlorophenol (PCP) treated hepatic 
DNA at 48hr interval at 20 mg/kg of bw. 
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Figure-50: Melting profile of pentachlorophenol (PCP) treated hepatic 
DNA at 48hr interval at 30 mg/kg of bw. 
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Figure-51:Me//i/i^ profile of pentachlorophenol (PCP) treated DNA at 
48hr interval at 40 mg/kg of bw. 
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Figure-52 '.Melting profile of 2,4-dichIorophenoxyacetic acid (2,4-D) 
treated hepatic DNA at 24hr interval at 30 mg /kg of bw. 
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Figure-53: Melting profile of 2,4-dicIilorophenoxyacetic acid (2,4-D) 
treated hepatic DNA at 24hr interval at 60 mg /kg of bw. 
Figure-54 :Af(e//iif^  profile of 2,4-dichlorophenoxyacetic acid (2,4-D) 
treated hepatic DNA at 24hr interval at 90 mg /kg of bw. 
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Figure-55: Melting profile of 2,4-dichlorophenoxyacetic acid (2,4-D) 
treated hepatic DNA at 48hr interval at 30 mg /kg of bw. 
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Figure-56: Melting profile of 2,4-dicIiloroplienoxyacetic acid (2,4-D) 
treated hepatic DNA at 48hr interval at 60 mg /kg of bw. 
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Figure-57: Melting profile of 2,4-dichlorophenoxyacetic acid (2,4-D) 
treated hepatic DNA at 48hr interval at 90 mg /kg of bw. 
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AGAROSE GEL ELECTROPHORESIS: 
The UV absorption spectrum of purified hepatic DNA gave 
characteristic X,max at 260 nm. The purity was determined from absorbance 
ratio (A260/A280) of 1-8 and electrophoresis in agarose gel. Normal hepatic 
DNA, PCP and 2,4-D modified DNA were subjected to electrophoresis in 0.8% 
alkaline agarose gel. The hepatic DNA (lanel) showed usual electrophoretic 
pattern (a long strech smear). Banding pattern of modified-DNA treated with 
PCP (20, 30 and 40 mg/lOOOgm bw) and 2,4- dichlorophenoxyacetic acid of 
(30, 60 and 90 mg/lOOOgm bw) showed damage in increasing order at 24hr of 
treatment. Maximum damage was seen at 40mg of PCP-modified DNA and 
90mg of 2,4-D modified DNA respectively (Figure 58). Both chemicals 
appears to have generated single strand breaks. After 48hr duration the repair 
seems to have been activated. The maximum repair was seen for 20 and 30mg 
of PCP and 30 and 60 mg of, 2,4-D respectively (Figure 59). 
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Figure 58: Photomicrograph showing the hepatic DNA damage at 24hr of 
treatment with different concentrations of 2,4-
dichlorophenoxyacetic acid (2,4-D) and pentachlorophenol 
(PCP) in Mus musculus. 
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Figure 59: Photomicrograph showing the hepatic DNA damage at 48hr of 
treatment with different concentrations of 2,4-
dichlorophenoxyacetic acid (2,4-D) and pentachiorophenol 
(PCP) in Mus musculus. 
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FLUORESCENCE SPECTROSCOPY: 
Neither hepatic DNA nor pentachlorophenol (PC?) or 2,4-
dichlorophenoxyxetic acid (2,4-D) has fluorescence of their own and therefore 
an extrinsic flourophore, ethidium bromide, was added to look into the 
structure of normal hepatic DNA and its PGP and 2,4-D modified forms. 
Normal hepatic DNA and its modified conformers were incubated with 
ethidium bromide for 30 min and emission profiles were recorded using 
excitation wavelength of ethidum bromide at 325nm. For PCP modified-DNA, 
the intensity got decreased fi-om 24hr at 20mg/1000g bw to 24hr at 
40mg/1000gm weight. The loss in fluorescence was maximum at 24hr of 
40mg/1000gm bw i.e. 63.01% (Table 49 and Figure 60). With time the loss in 
fluorescence intensity changed to 15.5%, as compared to 39% of 24hr of 
20mg/1000gm bw indicating repair of damage. Other dose level also showed 
decrease from 49% to 22% (30mg/1000gm bw), and from 63% to 54% 
(40mg/1000gm bw) (Table 50 and Figure 61). However, the last dose level 
showed a lesser change owing to the high irrepairable damage. In case of PCP 
a positive correlation was observed for increase in time and negative 
correlation with increase in concentration and absorbance ratio (Table 51 and 
Figure 62). Whereas for fluorescence intensity a positive correlation for time 
increase and a negative correlation for concentration increase was found (Table 
52 and Figure 63). For loss in fluorescence intensity, a significant negative 
correlation was observed for time increase while a positive correlation was 
observed for increase in concentration (Table 53 and Figure 64). 
For 2,4-dichlorophenoxyacetic acid (2,4-D), the intensities again 
showed a decline from 24hr at 30mg/1000 gm bw to 24hr at 90mg/1000gm of 
bw (Table 54 and Figure 65). The calculated loss of flourescence was 40.30% 
for 90mg/1000gm bw at 24hr whereas 10.55 for 30mg/1000gm b.w. was 
recorded. The 2,4-dichlorophenoxyacetic acid (2,4-D) treated samples showed 
maximum degree of repair at 48hr of the treatment for all the three dose level 
as depicted by their loss of in florescence compared to 24hr (Table 55 and 
Figure 66). The results reiterates that PCP was more potent than 2,4-D. In case 
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of 2,4-D a positive correlation was observed for increase in time and negative 
correlation with increase in concentration and absorbance ratio (Table 56 and 
Figure 67). Whereas for fluorescence intensity a positive correlation for time 
increase and a negative correlation for concentration increase was found (Table 
57 and Figure 68). For loss in fluorescence intensity, a significant negative 
correlation was observed for time increase while a positive correlation was 
observed for increase in concentration (Table 58 and Figure 69). 
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PCP Treated 
Hepatic DNA 
Absorbance ratio 
(260/280) 
Fluorescence 
Intensity 
Calculated loss in 
fluorescence 
intensity 
24hr 
20mg/1000gm bw 
1.67 
117.4 
39% 
24hr 
30mg/1000gin bw 
1.65 
99.2 
49% 
24hr 
40ing/1000gm bw 
1.64 
72.2 
63% 
Table-49 : Calculated loss of fluorescence at 241ir of the different 
dose levels of pentachlorophenol (PCP) in mice {Mus 
muse ul us). 
168 
300.000 
5 200.000 
100.000-
0.000 
500.0 550.0 600.0 
Wavelength (nm) 
650.0 700.0 
1. Native hepatic DNA 
2. DNA treated with 20mg PCP/kg bw. 
3. DNA treated with 3Omg PCP/kg bw. 
4. DNA treated with 40mg PCP/kg bw. 
5. Ethidium bromide 
Figure-60: Line graph showing the fluorescence intensity of native 
hepatic DNA treated with different concentrations of 
pentachlorophenol (PCP) for 24hr time interval in mice 
{Mus musculus). 
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Hepatic DNA 
Absorbance ratio 
(260/280) 
Fluorescence 
Intensity 
Calculated loss in 
fluorescence 
intensity 
48hr 
20mg/1000gm bw 
1.80 
164.8 
15.5% 
48hr 
30mg/1000gm bw 
1.70 
150.3 
22% 
48hr 
40mg/1000gin bw 
1.68 
91.2 
54% 
Table-50 : Calculated loss of fluorescence at 48hr of the different 
dose levels of pentachlorophenol (PCP) intervals in mice 
{Mus musculus). 
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300.000 
200.000 
s 
< 
100.000 
0.000 
500.0 550.0 600.0 
Wavelength (nm) 
650.0 700.0 
1- Native hepatic DNA 
2- DNA treated with 20mg PCP/kg bw. 
3- DNA treated with 30mg PCP/kg bw. 
4- DNA treated with 40mg PCP/kg bw. 
5- Ethidium bromide 
Figure-61: Line graph showing the fluorescence intensity of native hepatic 
DNA treated with different concentrations of 
pentachlorophenol (PCP) for 48hr time interval in mice (Mus 
mmculus). 
Ill 
On Concentration 
24hr 
48hr 
On Time 
Solvent Control 
PCP20mg/1000mg 
PGP 30m/1000mg 
PCP40mg/1000mg 
Equation 
Y=mx+c 
-.00062X+1.84489 
-.0053+1.8846 
-
.0058X+1.5200 
.002 lx+1.600 
.0017X+1.600 
Significance 
.855* 
.954* 
-
1.00* 
1.00* 
1.00* 
TabIe-51: Regression on concentrations and time for absorbance ratio by 
pentachlorophenol (PCP). 
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Time (hr) after treatment 
Time (hr) after treatment 
X axes - 20mg/1000gm, 30mg/1000gm,40/mg/1000gm 
Y axes - Intensity 
Time (hr) after treatment 
X axes -24hr and 48hr 
Y axes - Intensity 
Figure-62: Graph showing regressions on concentration and time for 
absorbance ratio by pentachlorophenol (PCP). 
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On Concentration 
24hr 
48hr 
On Time 
Solvent Control 
20mg/1000mg 
30mg/1000mg 
40mg/1000mg 
Equation 
Y=mx+c 
-3.0606X+189.863 
-2.3780X+203.880 
-
1.9750X+70.00 
2.1292X+48.1000 
.7917X+53.200 
Significance 
.979* 
.865* 
-
1.00* 
1.00* 
1.00* 
TabIe-52: Regression on concentrations and time for fluorescence intensity 
respectively by pentachlorophenol (PCP). 
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-10 0 10 20 30 40 50 
Concentration 
10 20 30 40 
concentration 
Time (hr) after treatment 
Time (hr) after treatment 
Time (hr) after treatment 
X axes - 20mg/1000gm, 30ing/1000gm,40/mg/1000gm X axes -24hr and 48hr 
Y axes - Intensity Y axes - Intensity 
Figure-63 : Graph showing regressions on concentration and time for 
fluorescence intensity by pentachlorophenol (PCP). 
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On Concentration 
24hr 
48hr 
On Time 
Solvent Control 
20mg/1000mg 
30mg/1000mg 
40mg/1000mg 
Equation 
Y=mx+c 
1.5686X+2.4571 
1.2243X+2.4571 
-
-.9792X+62500 
-1.1250X+76.00 
-3.750X+72.00 
Significance 
.983* 
.983* 
-
1.00* 
1.00* 
1.00* 
Table-53 : Regression on concentrations and time for loss in fluorescence 
intensity by pentachlorophenol (PCP). 
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Figure-64 : Graph showing regressions on concentration and time for loss 
in fluorescence intensity by pentachlorophenol (POP). 
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2,4-D Treated 
Hepatic DNA 
Absorbance 
ratio (260/280) 
Fluorescence 
Intensity 
Calculated loss 
in fluorescence 
intensity 
24hr 
aOmg/lOOOgm 
1.78 
174.6 
10.55% 
24hr 
60mg/1000gin 
1.77 
160.6 
17.72% 
24hr 
90mg/1000gm 
1.69 
116.4 
40.36% 
Table-54 : Calculated loss of the fluorescence by different dose levels of 
2,4 dichlorophenoxyacetic acid (2,4-D) at different time 
intervals in mice {Mus musculus). 
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300.000 
200.000 
s 
< 
^ 100.000 
0.000 
500.0 . 550.0 600.0 
Wavelength (nm) 
650.0 700.0 
1. Native hepatic DNA 
2. DNA treated with 30 mg 2,4-D / kg b.w. 
3. DNA treated with 60 mg 2,4-D / kg b.w. 
4. DNA treated with 90 mg 2,4-D / kg b.w. 
5. Ethidium bromide 
Figure-65 : Line graph showing the fluorescence intensity of native hepatic 
DNA treated with different concentrations of 2,4-
dichlorophenoxyacetic acid (2,4-D) for 24hr time interval in 
mice (Mus musculus). 
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2,4-D Treated 
Hepatic DNA 
Absorbance ratio 
(260/280) 
Fluorescence 
Intensity 
Calculated loss 
in fluorescence 
intensity 
48hr 
30mg/1000giii bw. 
1.82 
190.2 
2.56% 
48hr 
60mg/1000gm bw. 
1.81 
183.2 
6.14% 
48hr 
90ing/1000gin bw. 
1.79 
136.3 
30.17% 
Table-55: Calculated loss of fluorescence at 481ir of the different dose 
levels of 2,4-dichloropIienoxyacetic acid, (2,4-D) in mice (Mus 
musculus). 
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300.000 
200.000 
s 
100.000-
0.000 
500.0 550.0 600.0 
Wavelength (nm) 
650.0 700.0 
1. Native hepatic DNA 
2. DNA treated with 30 mg 2,4-D / kg b.w. 
3. DNA treated with 60 mg 2,4-D / kg b.w. 
4. DNA treated with 90 mg 2,4-D / kg b.w. 
5. Ethidium bromide 
Figure 66 : Line graph showing the fluorescence intensity of native hepatic 
DNA treated with different concentrations of 2,4-
dichlorophenoxyacetic acid (2,4-D) for 48hr time interval in 
mice (Mus musculm). 
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On 
Concentration 
24hr 
48hr 
On Time 
Solvent Control 
30 mg/lOOOgm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=mx+c 
-.0019x+1.8670 
-.0009X+1.8670 
-
.0017x+17400 
.0017x+1.7300 
.0042X+1.59 
Significance 
.924* 
.871* 
-
1.00* 
1.00* 
1.00* 
Table-56: Regression on concentrations and time for absorbance ratio 
respectively by 2,4-dichlorophenoxyacetic acid (2,4-D). 
182 
40 so ao 100 
Concentration 
-20 0 20 40 60 80 100 
Concentration 
1.81 
1.80 
1.79 
1.78 
1.77 
1.7» 
Time (hr) after treatment 
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/ 
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Time (hr) after treatment 
X axes - 30mg/1000gm, 60mg/1000gm,90/mg/1000gm 
Y axes - Intensity 
X axes -24hr and 48hr 
Y axes - Intensity 
Figure-67: Graph showing regressions on concentration and time for 
absorbance ratio respectively by 2,4-dichlophenoxyacetic acid 
(2,4-D). 
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On 
Concentration 
24hr 
48hr 
On Time 
Solvent Control 
30mg/1000gm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=mx+c 
-.8341X+199.260 
-.6123X+203.780 
-
.6000X+161.400 
.8692X+141.477 
.7654X+99.5615 
Significance 
.938* 
.768* 
-
1.00* 
1.00* 
1.00* 
Table-57: Regression on concentrations and time for fluorescence intensity 
respectively by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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Concentration 
X axes - 30mg/1000gm, 60mg/1000gm,90/mg/1000gm 
Y axes - Intensity 
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Time (hr) after treatment 
Time (hr) after treatment 
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Y axes - Intensity 
Figure-68: Graph showing regressions on concentration and time for 
fluorescence intensity respectively by 2,4-dichlorophenoxyacetic 
acid (2,4-D). 
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On Concentration 
24hr 
48hr 
On Time 
Solvent Control 
30 mg/lOOOgm 
60mg/1000gm 
90mg/1000gm 
Equation 
Y=mx+c 
.4275X+-2.0800 
.3136+-4.3960 
-
-.3329X+18.5400 
-.4825X+29.300 
-.4246+50.55 
Significance 
.935* 
.767* 
-
1.00* 
1.00* 
1.000* 
Table-58 : Regression on concentrations and time for loss in fluorescence 
intensity respectively by 2,4-dichlorophenoxyacetic acid (2,4-D). 
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Time (hr) after treatment 
X axes - SOmg/lOOOgm, 60mg/1000gm,90/mg/1000gm 
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Y axes - Intensity 
Figure-69 : Graph showing regressions on concentration and time for loss 
in fluorescence intensity by 2,4-dichlorophenoxyacetic acid 
(2,4-D). 
187 

The genetic material (DNA) as well as plasma membranes get 
affected by the activity of chemical compounds and may pose threat to the 
proper functioning of the cells in organisms living in biosphere including 
aquatic biota (Livingstone, 1998, Arukwe et al, 2000; Eufemia and Epel, 
2000; Roche et al, 2000; Schwaiger et al, 2000). In this study, genotoxic 
influence of PCP and 2,4-D has been assessed using mice Mus musculus as a 
experimental model. 
The PCP and 2,4-D were further tested to study their effects on the 
chromosomes of somatic cells (bone marrow) in the treated mice. The 
present study has shown that not only a significant number of chromosomal 
aberrations could be induced by PCP and 2,4-D in bone marrow cells oiMus 
musculus but it has also proved that the fi-equency of CA has time and 
concentration dependent effects. The chromosome aberration test presented 
here may provide good indicator to assess the genotoxicity of environmental 
wastes as well as a viable laboratory alternative. The positive results 
reported here support the clear indication of the mutagenicity of both PCP 
and 2,4-D, which are of serious concern especially in case of PCP as it 
induces higher level of CA than the 2,4-D does. 
The production of either chromatid or chromosome type of aberration 
by an agent depends on the nature of clastogen (chromosomal breaking 
agents) and the cell cycle stage and the target cell at the time of exposure. 
Majority of chromosome type effects are described from lesions induced in 
the Gl phase. A G2 exposure generally results in chromosome aberrations. 
Most chemical mutagens, however, induce chromatid type aberrations 
independent of cell cycle stage provided the cells are examined in the first 
mitosis (Ml) after treatment. The greatest frequency of structural aberrations 
should be exposed in Ml cells (Brusick, 1987). 
In the experiments carried out, chromatid breaks were more prevalent 
than chromosome breaks in metaphase plates observed. This clearly 
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establishes the fact that the damage affects the DNA strand in its late S 
phase or after the DNA has underwent replication (Bird et al., 1982). The 
concentration and duration response clearly reveals significant increase in 
chromosomal aberrations at 24hr of treatment and a decrease later on 
suggesting that the chemicals or its metabolites are active during this period. 
The decline after 24hr may be probably due to the reasons summarized (i) 
repairment of damage by various polymerases, (ii) removal of the cells or 
chromosomes with damaged genetic material and lastly (iii) by the 
inactivation of the chemicals or its metabolites. 
The stickiness and pulverization level shows an increase starting from 
12hr to 24hr followed by rapid decrease with time. The fact that oxidative 
metabolisms coincide with the resumption of cytochrome oxidase and 
formation of ATP enables repairment of chromosomal damage to proceed 
(George and Cramp, 1986). The PCP acts as an effective inhibitor of 
mitochondrial ATPase synthesis and acts at cellular level to uncouple 
oxidative phosphorylation in mitochondria 
For the CA assay be it in vitro or in vivo tests, PCP was labelled as 
clastogenic by Seller (1991), although extensive testing in Chinese Hamster 
Oocytes (CHO) were ambiguous, consisting of a weakly positive response 
(Galloway e/a/., 1987). 
Findings by Obe et al., (1982) suggested that in case of chromosomal 
damage, DNA is the primary target which arise as a consequence of either 
misrepair or mis- replication of DNA (Evans, 1977). The covalent binding 
of PCP to DNA was confirmed in an in vitro incubation with a metabolic 
activation system (Van Omen et al, 1986) amounting to about 1/5* of the 
observed protein binding. Rat microsomal preparations were able to convert 
PCP to tetrachlorohydroquinone and tetrachlorocatechol in changing ratios 
(1.2- 2.5) depending upon enzyme induction procedure used (Van omen et 
al., 1986) and both the isomers were proposed to form semiquinone radicals 
in presence of oxygen and this mechanism produces DNA strand breaks. In 
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various Salomonella strains, (TA 97, TA 102, TA 104), tested by PCP with 
metabolic activation, were found to be highly susceptible to oxidative DNA 
damage Tetrachlorohydroquinone also binds to calf thymus DNA in the 
absence of metabolic activation (Witte, 1985). The PCP was able to induce 
micronuclei in DNA strand breaks in zebra mussels and snails (Pavlica et 
al., 2000, 2002). Various forms of structural chromosomal damage in H. 
fossilis was observed by Ali and Ahmad (1998). Recent reports on Allium 
root tip showed it to be clastogenic as it inhibited root growth and caused 
reduction in mitotic index with increased CA frequency (Ateeq et al., 2002). 
It was also reported that micronucleus formation was due to aneugenic 
effects of PCP (Pavlica., 1999) 
On the other hand 2,4-D was slightly mutagenic in Drosophila in 
recessive lethal tests (Seller 1978) In the embryonic bovine kidney cells, 
multipolar spindles and polyploid mitotic states were observed suggesting an 
influence of 2,4-D on the spindle protein (Bongo and Basrur, 1973) In 
human cell cultures, dimethy amine salts of 2,4-D increased the frequency of 
CA in human embryonic fibroblast cultures and in human lymphocyte 
culture (Berin et al., 1973). The in vivo tests also gave positive results with 
respect to chromosome breakage under the influence of 2,4-D (Pilinscaya 
1974). 
Garret et al., (1986) evaluated the genotoxic levels of 2,4-D with a 
moderate response The positive correlation between the cytogenic damage 
and spleen abnormality in 2,4-D exposure was evidently showing a dose 
dependent increase in the percentage of CA in spermatocytes and sperm 
head abnormalities (Amer and Aly, 2001). Reports of 2,4-D as a moderate 
genotoxicants also appeared simultaneously (Madrigal-Bujaider 2001). 
Some studies indicate an increase in malignant tumors in 2,4-D exposed 
people (Hardle et al, 1994), while Ateeq et al (2002) confirmed their 
clastogenic effects in plant system. 
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An issue of considerable controversy in cytogenetic evaluations is the 
significance of lack of gaps in chromatid and chromosomes. Some 
investigators feel that identification of gaps is extensively subjective and that 
they do not constitute true aberrations (Brogger, 1982). This group of 
investigators have suggested that gaps may be quantified and reported but 
should not be used in the evaluation of the study. Though gaps are defined 
as achromatic lesions or non-staining regions, faintly stained regions are 
frequently judged to be gaps, perhaps, connected between both distal parts, 
therefore, these gaps are not considered real discontinuities and hence are 
excluded from the structural aberrations in the present study. 
Irrespective of the nature of the primary lesion, induced by 
chromosome breaking agents, the ultimate lesions responsible for the 
formation of aberrations seems to be DNA strand break (Natarajan and Obe, 
1978). Following the treatment with chemical agents, most lesions, are 
reported in the form of adducts in which the agent is bound to the DNA with 
covalent bonds although some chemicals may break the DNA strand directly 
(Sharma, 1984) 
The chromosome aberration test is especially relevant to assessing 
mutagenic hazard, in that it allows consideration of factors of in vivo 
metabolism, pharmacokinetics and DNA repair process, despite the fact 
these may vary among species and tissues. An in vivo test is also usefiil for 
further investigation of mutagenic effects detected by in vitro test. 
Chromosomal mutations and related events are the cause of many human 
genetic diseases and there is substantial evidence that chromosome mutation 
and related events causing alteration in oncogenes and tumor suppressor 
genes are involved in cancer in humans and experimental systems (OECD, 
1997). 
More reliable cytogenetic techniques have been developed to detect 
structural aberrations. A relatively recent development of fluorescent based 
staining method called fluorescent in situ hybridization (FISH) has heralded 
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a significant improvement in the ability of metaphase based cytogenetic 
analysis (Tucker and Preston, 1996) in the laser scanning cytometry (LSC) 
The DNA content of each chromosome, chromatin condensation level and 
size of individual chromosomes can be measured within few minutes 
(Ishidate Jr, 1998). With the incorporation of sophisticated and innovative 
methods like FISH and LSC, the detection frequency and accuracy of 
mutagenic potential is bound to increase. 
The correlation between mutagenicity and carcinogenicity has been a 
major approach in changes in genetic toxicology. Although the critical 
importance of DNA in cancer induction is beyond any reasonable doubt, the 
actual relationship between mutagenic and carcinogenic properties of a 
chemical is more complex than previously conceived. A primary reason for 
this complexity is the multistep nature of cancer induction which implies 
both genetic and non-genetic events (Harris, 1991). Agents of various types 
may induce chromosomal breaks in cells, which become visible when the 
cell is arrested in division at metaphase. The agents have been termed 
clastogens (Ishidate & Sofiini, 1988) and may be having chemical, physical 
or biological nature. The chemicals may also be of various types, medicinal 
substances, food derivates or additives, pesticide drugs, organic solvents or 
metals. The majority of chemical agents which are carcinogenic in mammals 
interact with DNA and induce damage which, if unrepaired can result in 
chromosome rearrangements. Epidemiological studies indicate specific 
chromosomal aberrations in congenitally defective children. With regard to 
carcinogenicity, many tumors in mammals (including man) showing an 
altered karyotype and thus chromosomal changes have also been correlated 
with neoplasia (Radman et al. 1982). The chemical induction of mutations 
involve a series of events including some or all of the following process. 
The process includes metabolic activation and / or detoxification, the 
formation of reactive electrophilic metabolites, the interaction of these 
metabolites with DNA, error-fi-ee and / or error-prone DNA repair and 
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altered cell selection. The fact that cancer is a multistep process and that all 
tumors contain chromosomal alterations, and exhibit variable degrees of 
chromosomal instability has been known for quite some time (Nowell, 
1976). With the advent of first chromosomal banding technique, the 
fluorescence in situ hybridization (FISH) and wide range of molecular 
techniques for identifying genomic rearrangement, more detail of the 
specific genetic alterations associated with specific steps in multistep 
process of tumor formation have been described (Fearon and Vogelstein, 
1990; Sandberg, 1993), and also the chromosomal changes associated with 
particular tumor types have been comprehensively classified by Mitelmains 
(1994) and Hein Mitelman (1995). 
A key step in the formation of tumor is activation of oncogenes and / 
or inactivation of tumor suppressor genes, resulting in altered cell 
proliferative capacity or alterations in other house keeping processes. These 
genetic alteration can be produced by point mutation, deletion, translocation, 
amplification or non-disjunction leading to aneuploidy. For example, a child 
bom with one mutant allele of the recessive gene for retinoblastoma, R b 1, 
there is frequently a deletion at chromosome 13q 14, loosing only the one 
copy of the wild type allele, in a single retinal blast in order for a tumor to be 
formed during development of the retina. This loss of wild type of allele can 
arise by non disjunction, loss by non-disjunction followed by chromosomal 
reduplication of the mutant chromosome mitotic recombination, deletion 
that includes Rbl locus, gene inactivation or mutation of the Rbl locus. 
Thus, given that there is a strong association between chromosomal 
aberration and tumor formation, an appropriate assay for clastogenocity is a 
good predictor for carcinogenicity at least for directly acting mutagenic 
chemicals. It is further suggested that at least some indirectly acting 
mutagenic chemicals can produce chromosomal aberrations (Elia et al., 
1994). 
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The usefulness of clastogenicity assay for detecting mutagenic 
chemical is dependent on its design as most tumors are aneuploids, an 
exception being some haematopoietic tumors, although detailed analysis of 
these by G banding and most recently by spectral karyotyping (Veldman et 
al, 1997) shows that hidden chromosomal abnormalities, including 
aneuploidies, are present. The most difficult goal however, is to establish 
whether most chromosome numerical changes are a consequence of tumor 
development rather than cause. This should also be considered in the light of 
the fact that genomic instability is a hallmark of tumor development 
(Nowell, 1976). Thus, assays are designed to assess chromosome gains and 
losses which are not necessarily useful for identifying carcinogens. 
Nevertheless, a threshold response seems to be a reasonable additional factor 
for describing the shape of dose response curves for cancer at low levels of 
exposure when aneuploidy has been shown to be involved rather directly in 
tumor development (Elhajouji et al, 1997). 
The mammalian in vivo micronucleus test is especially relevant to 
assessing mutagenic hazards, in that it allows consideration of factors of in 
vivo metabolism, pharmacokinetics and DNA repair processes. An in vivo 
assay is also useful for further investigations of mutagenic effects detected 
by an in vitro system. This test was initially developed in mouse bone 
marrow erythrocytes (Schmid, 1976) but it also has been conducted in rats 
(George et al, 1990), hamsters (Basler, 1986), and monkeys (Choy et al, 
1993). The routine micronucteus test is conducted in mouse bone narrow 
erythrocytes (Mavoumin et al, 1990). Micronuclei are small nuclei that 
arise from chromosomal fragments resulting from chromosomal breaks 
(double stranded DNA breaks), or detached chromosomes (microtubule 
malfunction in cell division). In the mouse micronucleus test the target cells 
are the bone narrow erythroblasts, while chemically mduced micronuclei in 
the erythroblasts are retained in the erythrocytes after the extrusion of the 
main nuclei from the cells during maturation and can be scored in 
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polychromatic erythrocytes PCEs. An increase of micronuclei in PCEs 
indicate genotoxicity of the test agent. 
The procedure of micronuclei test varies by the number of designs 
and the number of harvests (Tinwell, 1990). All common mouse strains can 
be used for this assay, toxicity is monitored by animal death or by bone 
marrow suppression, or by decrease of the ratio of PCEs to normochromatic 
erythrocytes (NCEs) or to total erythrocytes in the bone marrow. 
Micronuclei can also be detected in PCEs in mouse peripheral blood 
(MacGregor et al, 1980). The main advantages of peripheral blood assays 
are that the sampling and multiple sampling are easier from the same animal 
and also kinetic studies are possible. The peripheral blood micronucleus test, 
however can be performed only in mice. The ability of accumulating 
micronucleated erythrocytes also permit the scoring of micronuclei in NCEs 
obtained from routine blood smears in multiple dose studies. Retrospectic 
evaluations induced, of micronuclei in NCEs of peripheral blood have been 
performed in National Toxicology Progress (NTP) Cancer Biossays (Choy 
et al, 1985; Mac Grey or et al, 1990). Incorporation of the micronucleus test 
into chronic animal bioassays provide early information on the genotoxicity 
of the test agent in the same system for the carcinogenicity bioassay. 
The occurrence of the cytogenetic damage in mice Mus miisculus 
exposed to 2,4-D and PCP results into an enhanced frequency of micronuclei 
when observed in polychromatic erythrocyte, variation in the P/N in bone 
marrow cells. The genotoxic effects of these compounds had earlier been 
shown to induce abnormal aberration in Heteropneutis fossilis (Ahmad and 
Ali, 1996; Ali and Ahmad, 1998) and micronucleus generation in C 
batrachus (Ahmad et al 2002; Ateeq et al 2002). Some work on PCP was 
carried on mutation system and in the intragenic recombination system of 
MPl strain of Saccharomyces cerevisae is reported (Fahrig et al, 1978) 
while 2,4-D is found to induce sister chromatid exchanges in somatic and 
germ cells of mice (Madrigal-Bujaidar et al., 2001). 
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The mechanism of depressed adenosine triphosphate (ATP) has been 
suggested to be the cause of abnormal forms of erythrocytes in fish. A report 
on dichlorophenoxy herbicides has focussed on uncoupling of the oxidative 
phosphorylation of various compounds and disruptions of acetyl coenzyme 
A metabolism (Bradberry et al., 2000) with consequent fall resulting into the 
level of adenosine triphosphate and the cation pump of the cell. The cation 
pump of the cell using ATP as an energy source actually breaks down, 
allowing an influx of the sodium, chloride and calcium ions and water 
(Wendricks and Mayer, 1985). There has been various technical innovations 
in mammalian system aimed at improving the sensitivity and reproducibility 
of MN assay. The development of the chalasin block method is one such 
method. The technique enables MW to be stored in binucleated cells that 
have recently gone through cell division, since the addition of cytochalasin 
B, inhibits cytokinesis (Fenech and Morley, 1985). The hepatic assay has 
been developed in rodents (Tates et al., 1980). 
It was suggested that a number of mechanisms could be involved in 
formation of MN (Heddle et al., 1983) including chromosomes breakages 
(clastogenesis) and spindle disruptions (aneuploidogenesis) Until few years 
ago, cytological evaluation of MN provided little or no information 
concerning the type of damage involved in their formation. There is 
considerable debate concerning the size of micronucleus as to whether it can 
be used to elicit mechanism of formation. The basic premise was that the 
larger MN were caused by spindle disruptions and would contain whole 
chromosome fragment, although some relationship between the MN size and 
the mechanism of origin might be true (Trucker and Preston, 1996). There 
are speculations about the size of micronucleus. Heddle (1973) and Schmid 
(1975), suggested their size varies between 1/5-1/20 of principal nucleus in 
rodents. 
It is now known the MN formation depends upon the time needed for 
replication of DNA and performance of the nuclear division. In both human 
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and mice the cell cycle is well documented. Thus, so the importance of 
sampling times for micronucleus production have been highly emphasized 
with the objective of coinciding with maximum responses of the test system. 
For this atleast three samples are recommended (OECD, 1983) Before this 
Salamone et al, (1980) also proposed multiple sampling times keeping in 
mind that optimum sampling may also vary from chemical to chemical. 
Scholars like Vanparyas et al, (1992) and Al-Sabti and Metcalfe (1995) 
have also emphasized the same. The most frequently analyzed cells for MN 
are those of heamatopoietic system, i.e. peripheral lymphocytes and 
erythrocytes. These cells are readily available from human and laboratory 
animals. In human erythrocytes, MN exists only in spleenectomised 
individuals, because spleen effectively removes micronucleated cells from 
the peripheral pool (Evans, 1988). Present results support the conclusion 
that the erythrocyte MN test in mice is indicative of short-term cytogenetic 
damage. The candidate compound PCP and 2,4-D have also been shown to 
induce both clastogenic and mitotic poisoning effects on plant system as 
well. Root tip cells of onion experienced inhibitory effects on mitosis as 
measured by mitotic index values along increased frequencies (Ateeq et al, 
2002). Similar observations were also made with almost similar effects by 
Mohapafrae/a/.,(1995). 
Another additional criterion suggested by various workers was to 
assess cytotoxicity in abnormal cell morphology. Altered nuclear 
morphology and some abnormal variation in cell morphology are not new to 
PCP and 2,4-D. The present observation confirmed various forms of nuclear 
and loss of normal structure. 
Current studies have shown that chromosome material can 
significantly be disrupted by PCP insults and PCE can affect more than one 
nucleus. Chromosomes may be found to be completely fragmented. These 
chemicals may directly damage the DNA as well as the mitotic spindles. In 
case of P. comeus, the nuclei of specific morphology and structure were 
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recognized as apoptotic cell induced by PCP. Apoptotic nucleus can be 
recognized by sticking chromatin marginalization forming dense crescent 
shaped aggregates by nuclear membrane (Pavlica et al, 2000). Adjacent 
cells may engulf the so called apoptotic bodies during the later phase 
(Corcoran e/a/., 1994). 
Other studies on the basis of pure PCP showed that it can reduce the 
number of hemoglobin content of erythrocytes (Renner et al, 1987). In 
heteropneustes fossilis the volume of erythrocytes is reduced by 600 dot 
units in computer image analysis (CIA) due to drop in heamoglobin 
content (Ahmad et al, 2002). The volume ratio has been suggested to be an 
indicator of possible cytotoxic and genotoxic effect of the test compound 
(Reosenkranz and Klopman, 1993). 
The PCP is metabolized to quinols i.e. tetrachlorhydroquinone 
(CI4H2), which undergo auto-oxidation and / or enzyme-mediated oxidation 
to the corresponding semiquinone tetrachloro 1,2 benzosemiquinones (CI4-
I,4-SQ) and quinones are tetrachloro-1,2, benzoquinone (Cl4l,2-BQ) and 
tetrachloro 1,4-benzo-quinone (CI4 1,4-BQ). Subsequent reduction of 
quinones to semiquinones intitiates redox cycling cascades and generates 
reactive oxygen species i.e. H2O2 which induce oxidative DNA damage. 
Additionally, PCP quinones and semiquinones are capable of reacting with 
genomic DNA to form direct DNA adducts. 
Oxygen derived reactive species are capable of altering biological 
macromolecules like DNA, proteins, lipids and to certain extent 
carbohydrates. The primary site of oxidative damage is unequivocally 
considered to be DNA. The type of alteration can be single or double strand 
breaks, base alteration, damage to deoxyribose sugar, formation of DNA-
protein crosslinks etc. Hydroxyl radical can predominantly cause strand 
breaks, while singlet oxygen mainly induce base alterations like and 
hydroxydeoxyadenine and hydroxydeoxyguanme and thymine glycol. The 
DNA alteration can affect the cell structure function and possibly leads to 
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mutagenesis and carcinogenesis. The consequences also can be structural or 
conformational changes by point mutations, rearrangements, deletions and 
insertions. The presence of 8 hydroxydeoxyguanine in DNA seems to be 
associated with mutagenicity and carcinogenicity due to its ability to 
interfere with DNA replication. The ROS can induce mutations in 
protooncogenes like C-Ha-ras-1 and in p 53 tumour-suppressor gene, and 
interfere with normal cell signaling resulting in the alteration of gene 
expression. 
The liver is often the target organ for chemically induced tissue injury 
due to its role in biotransformation of xenobiotics and its unique position 
within the circulating system. Liver is primary site for metabolism of 
pesticides. It is, therefore obvious that a high level of LPO coupled with 
depletion of antioxidant enzymes is noted. Lipid peroxidation has been 
extensively used as marker of oxidative stress (Huggett et al, 1992) Present 
findings also show that LPO estimation could provide useful information 
about the concentration and dose dependent exposure. A significant increase 
was observed in LPO values in liver of pentachlorophenol and 2,4-D 
exposed group of mice at 24 and 48hr. All the three concentrations of both 
the chemicals showed peak LPO at 24hr time interval. Though somewhat 
reduced values were obtained at 48hr after treatment, still they were 
statistically significant. The slight reduction at 48hr of treatment might be 
due to various reasons, like elimination of chemical or its metabolite from 
the body or the inactivation of the chemical or its metabolites (Shyama et 
al, 1991). It can be suggested that PCP and 2,4-D or their metabolites can 
initiate LPO because of the formation of free radicals which induce 
oxidation processes in the cell. Estimation of lipid peroxidation (LPO) in 
particular has been found to have high predictive importance as revealed 
from a credible number of research papers describing its use as a biomarker 
(Lakner, 1998). 
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Lipid peroxidation could have both direct and indirect consequences. 
Selective permeability was also lost due to lipid peroxidation. Its products 
modified the physical characteristic of biological membranes. They also 
altered cell signaling or acted as toxic second messengers that amplify 
damage. Such by products include 4hydroxynonenal, malonaldehyde etc. 
These bye products can bind DNA and induce mutagenicity and 
carcinogenicity. Bye products can also result in the induction of apoptosis. 
The compound 2,4-D at higher concentration of 10-100 |iM 2.2-220 
mg/L increases bilayer width and cause deep structural perturbation of 
hydrophobic region of model membrane system (Suwalsky et al., 1996). The 
2,4-D-induced inhibition of ion channels, with the potential to severely 
disrupt the regulation and maintenance of cellular functions. There are 
evidence for occurrence of lipid peroxidation by 2,4-D. (Palmeria et al., 
1994). The 2,4-D at 1-lOnmi (220-2200 mg/L) has been shown to induce 
dose dependent hepatotoxcity in vitro. The depletion of hepatic protective 
agent such as glutathione, proteins and thiols has also been demonstrated in 
vitro (?almeiraetal. 1994,1995). 
The glutathione (GSH) is the major cytosolic low molecular weight 
sulfuydryl compound that acts as a cellular reducing agent and provides 
protection agamst numerous toxic substances including pesticides (Stryer, 
1988) by forming GS complexes throughout its thiolate sulfur atom. The 
GSH has profound importance for cellular homeostasis and for diverse 
cellular functions. GSH plays a role in such diverse biological processes as 
protein synthesis, enzyme catalysis, transmembrane transport, receptor 
action, intermediacy metabolism and cell maturation. The GSH depletion 
may be the ultimate factor determining vulnerability to oxidant attack. 
In pentachlorophenol (PCP) and 2,4-dichlrophoenoxyacetic acid (2,4-D) 
exposed animals maximum, glutathione depletion was recorded for 
maximum at 24hr of treatment with all concentration of PCP, whereas 2,4-D 
exposed animals recorded maximum glutathione depletion was seen at 48hr. 
200 
The GSH depletion has been suggested to represent an important 
contributory factor to liver injury and enhanced morbidity related to liver 
hypofunction. The redox phenomena are intrinsic to life processes, and GSH 
is a major pro-homeostatic modulator of inter cellular sulhydryl (-SH) 
groups in proteins (Ondarza et al, 1989, Crane et al, 1988, Hidago et al., 
1990). Many important enzymes (such as adenylate cyclase, glucose-6-
phosphate, pyruvate kinase, transmembrane Ca-ATPases and at least eight 
reactions participating in glucose metabolism) are regulatable by redox 
balance. It is evident that glutathione's reducing power is used in 
conjugation with ascorbate and other antioxidants to protect the entire 
spectrum of biomolecules to help regulate their functions, and to facilitate 
the survival and optimal performance of a cell as living unit. An estimated 
2-5 percent of electrons that pass through oxphos' system are converted into 
superoxide and other oxygen radicals (Forman, et al., 1982). Superoxide, 
peroxide, hydroxyl radical, and other free radicals derived from oxygen are 
highly reactive and are, therefore, threatening to the integrity of essential 
biomolecules such as nucleic acids enzymes & other proteins, and the 
phospholipids responsible for membrane integrity. 
It is known that the cellular environment influences the cell fimction 
and that cellular environment also regulates the response to genotoxic sfress. 
These factors activate receptors to transmit signals in the cell. These signals 
may affect to response to DNA damage. The DNA strand breaks activate 
special signaling system. Consequently, the cells resist toxicity or it may 
actually mediate the toxic impact on DNA damage. In the present study, the 
cellular response in terms of DNA damage was analyzed by melting 
temperature (Tm), agarose gel elecfrophoresis and fluorescence 
spectroscopy. 
The DNA denaturation, also called DNA melting, is the process by 
which double-stranded deoxyribonucleic acid unwinds and separates into 
single strands through the breaking of hydrogen bonding between the bases. 
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For multiple copies of DNA molecules, the ! „ is defined as the temperature 
at which half of the DNA strands are in the doube helical state and half are 
in the random-coil states (Lucia, 1998). The melting temperature depends on 
both the length of the molecule and the specific nucleotide sequence of that 
molecule. 
The process of DNA denaturation can be used to analyze some 
aspects of DNA. Because cytosine-guanine base pairing is generally stronger 
than adenosine-thymine base pairing, the amount of cytosine and guanine in 
a genome called the "GC content" can be estimated by measuring the 
temperature at which the genomic DNA melts (Mandel and Marmur 1968). 
Higher temperatures are associated with high GC content. In vivo studies 
revealed genotoxic damage in hepatic cells of mice by PCP and 2,4-D. The 
rise in the concentration of these compounds was accompanied by increase 
in DNA damage and decrease in Tm. 
As depicted by melting temperature analysis of hepatic DNA due to 
PCP, it was observed that maximum damage occurred at 24hr of treatment 
for all the three concentrations as early onset of Tm was observed as 
compared to the solvent. Lower concentration did show repair of damage at 
48hr of treatment, but higher concentration did not show a noticeable 
amount of DNA repairs. 
It is assumed that the early onset of T^ in case of treated hepatic 
DNA by PCP might be due to induction of apurinic / apyrimidinic sites in 
DNA by an oxygen radical mechanism, that involves cleavage of the 
deoxyribose, as well as by glycosylase cleavage of oxidized bases in DNA 
(Lin et al., 2001; Lin, et al, 2001). 
DNA denaturation can also be used to detect sequence differences 
between two different DNA sequences. On a genomic scale, this method has 
been used by researchers to estimate the genetic distance between two 
species, a process known as DNA- hybridization (Sibley and Ahlquist, 
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1984). In context of single isolated regions of DNA, denaturing gradient gels 
and temperature gradient gels can be used to detect the presence of small 
mismatch between two sequences, a process known as temperature gradient 
gel electrophoresis (Mayers etal, 1987). 
The process of DNA melting is also used in molecular biology 
techniques, notably in the polymerase chain reaction (PCR). DNA melting 
temperature can also be used as a proxy for equalizing the hybridization 
strengths of a set of molecules, e.g., the oligonucleotide probes of DNA 
micro-arrays. 
The level of ROS generated causes different types of DNA damage; a 
basic site as well as single and double strand breaks both in vivo and in vitro 
systems (Dahlhaus and Appel, 1993). 
The damaged hepatic DNA was subjected to alkaline gel 
electrophoresis. In case of PCP treated hepatic DNA, DNA molecules 
moved faster than the native hepatic DNA molecule, indicating 
fragmentation. As the concentration of PCP increased, it resulted in more 
damage, and the modified DNA moved more rapidly. 
Furthermore, it is evident from the gel pattern that at 48hr the DNA 
damage is repaired for lower concentrations but at the higher concentration 
the damage is not corrected, because the repair enzymes are also damaged 
by the chemical or the damage is beyond repairable limits. 
In case of 2,4-D, it did induce DNA damage in increasing order as 
concentration increased. Here, the damage was less as compared to the PCP 
and hence the repair of damage was more as compared to PCP. 
Oxidative tissue damage leads to various toxic manifestations (Hincal 
et al, 1995). Due to high reactivity of ROS, most components of cellular 
structure are likely to be potential targets of oxidative damage. This may be 
reflected in DNA damage, lipid peroxidation (Kappus, 1987) protein 
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damage (Bring et al, 1996). Typical reaction during ROS-induced damage 
involves the peroxidation of unsaturated fatty acids (Kappus, 1987). 
The generation of reactive oxygen species and oxidative DNA 
damage from PCP exposure results in carcinogenesis. There are species 
differences in PCP toxicity, with greater hepatotoxicity reported in mice 
than in rats. PCP induces hepatic cellular karyomegaly, cytomegaly and 
degeneration in mice, whereas only mild hepatotoxicity has been observed 
in exposed rats (Schwetz et al, 1978; Kunbrough et al, 1978). The PCP 
exposure induces a sustained increase in cell proliferation in the liver of 
B6C3F1 mice (Umemura et al, 1996). While the effects of PCP on cell 
proliferation have not been investigated in rats, the species difference in 
toxicity suggests a possible proliferation of covalent modification of DNA 
by endogenous and exogenous electrophiles and is generally considered to 
be important in carcinogenesis. In addition to ohdG, PCP induces other 
DNA lesions. Randerath et al, (1997) reported that wood preserving waste 
extracts, which induce PCP, increased bulky oxidative DNA lesions. The 
quinone and semiquione metabolites of PCP also are strongly electrophilic 
and capable of binding to macromolecules (Van omen et al, 1986; Witte 
et al, 1985). The covalent modification of DNA was analyzed by p-post 
labeling after enrichment of assay sensitivity by nuclease PI digestion as 
described (Reddy et al, 1986). 
In rats bearing Ehrlich tumors, injection of 2,4-D lead to a slight 
inhibition of tumor development as compared to controls. Concomitantly, 
the average survival time of mice bearing the same tumors got increased by 
about 25% by 2,4-D treatment (Walker et al, 1972). 
These experiments show that the inhibition of RNA, DNA and 
protein synthesis seem to be due to some disturbing affect on the 
biosynthesis of the respective precursors. In the chicken cell cultures (Haag 
et al, 1975; Preiss et al, 1992) the cells under the influence of 2,4-D caused 
stimulation to progress from Gl to S phase. The S phase, however, was 
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prolonged because of inhibition of DNA synthesis. In these cells 
morphological alterations are also observed, which points to influences on 
the cell differentiation by 2,4-D. 
Among other changes, a heterochromatinization of the nuclear 
material is noteworthy. This seems to indicate a more direct action of 2,4-D 
on the structure of interphase chromatin material, and such as influence 
would either account for inhibition of DNA synthesis. In mouse fibroblasts 
(L cells) dose-dependent inhibition of growth was observed under the 
influence of 2,4-D (Cohlberg et al, 1971). It has ah-eady been mentioned 
that chlorophenoxy herbicides (like 2,4-D) may cause uncoupling of 
oxidative phosphorylation and also of the phospholipid bilayer of 
mitochondrial membrane (Zychlinski et al. 1990; Palmeira, 1994). In earlier 
studies, it was found that uncoupling of oxidative phosphorylation can 
presensitize some cells for a Fas-death signal and provide information about 
the extensive pathways in iduction of apoptosis (Lin-Singer et al, 1999; 
Krocher, 1998). The 2, 4-D has aheady been shown to induce hepatotoxic 
damage which are correlated to cell death (Arias, 1994; Palmeira et al, 
1994). The results of these effects agree with the reported activity of the 
herbicide as a peroxisome proliferation in mice, rats and Chinese hamsters, 
(Linnaiimia, 1994; Blair et al, 1990). With regard to chemicals having such 
activity, a hypothesis has been developed suggesting that the induction of 
peroxisomal beta oxidation increases the hydrogen peroxide levels and cause 
oxidative stress in the cell (Blair et al, 1990). Under this process, it is 
known that free redicals as well as the depletion of the cellular GSH, renders 
the cell more rather susceptible to the lipid peroxidation and the oxidation of 
thiols, proteins and DNA (Palmeira et al 1995). These actions may explain 
indirectly that the genetic material could well be affected by these chemicals 
(Madrigal-Bujaidar, 2001). 
Further confirmation of DNA damage was supported by florescence 
studies. Ethidum bromide forms a strong and highly fluorescent complex 
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with native DNA by intercalation between base pairs, with upto one dye 
produced per fives bases (Lepeeq and Paoletti, 1967). The fluorescence yield 
reduces to about 50% upon DNA denaturation in neutral solution and 
becomes very weak when intramolecular hydrogen bonds in single strands 
are further destabized (Morgans and Pulley blank, 1974). The DNA-EthBr 
fluorescence, thus, provide a convenient probe to test (at least qualitatively) 
radiation or chemical induced alteration in DNA base pair region, a 
fluorometric method for rapid detection of DNA strand breaks (Bimboim 
and Jeveak, 1981). In the present study, the results obtained were further 
investigated by DNA-EthBr fluorescence. It was observed that in case of 
PC? and 2,4-D, the DNA- EthBr fluorescence is rather specifically inhibited 
after * OH attack on DNA. As the concentration increased, the fluorescence 
got decreased. Maximum reduction was observed at higher concentration. 
Peak response was observed at 24hr after treatment for each concentrations. 
However, at 48hr the reduction was lesser as compared to 24hr profile. This 
was because the damage got repaired at lower concentration but for higher 
concentrations the damage was not repaired to a marked extent. It may be 
assumed that the DNA backbone gets damaged by PCP to a great extent. 
The fi"ee radicals generated by the PCP caused strand breaks while 
singlet oxygen induced base alterations like 8-hydroxydeoxyadenine, 
8- hydrodeoxyguanine and thymine glycol. 
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The rationale of genotoxicity testing is derived from the fact that 
thousands of new chemicals, produced directly or indirectly by man-made 
technologies are introduced into the environment each year without being 
tested. These chemicals pose potential hazard to human genetic material. 
Many reports have shown that several commonly used pesticides have 
genotoxic properties. Furthermore, human exposure to agricultural 
chemicals have been related to an increase in cancer incidence. The 
extensive use of herbicides in agriculture and their potential 
carcinogenicity strongly suggests the need for extending genotoxic 
evaluations of these compounds using different assays. Since genotoxicity 
testing methods are under constant development, investigations using 
rigid test batteries and rigid testing protocols are not advisable. So a 
battery of well-designed tests in which each and every parameter is 
individually chosen and is based on scientific criteria to provide 
information on morphological, cytotological and biochemical level. The 
purpose of the present study is, therefore, to provide a concise overview 
of widely used industrial and agricultural chlorophenolic compounds 
including PCP and 2,4-D. These chemicals are used in huge amounts in 
India alone and account for the highest production world wide. Besides, 
these pesticides and herbicides also cause problem by their environmental 
persistance and an increase in concentration during the passage through 
the food chain. Their ubiquitous presence, in the environment and 
consequent exposure to various organisms, is acknowledged by agencies 
like EPA, lARC, and have raised serious concern regarding the hazardous 
effects of such agro chemicals. This prompted to undertake the present 
study on the ability of pentachlorophenol and 2,4-D to induce genotoxic 
effects at different endpoints tested. The two test chemicals proved 
genotoxic in the present study. 
In the in vivo cytogenetic assays for chromosomal aberration, 
micronucleus test and mitotic index assays were used, which are already 
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established, reliable, less-expensive and short term tests to assess 
genotoxicity. Two herbicides namely pentachlorophenol (PCP) and 2,4-
dichlorophenoxyacetic acid were analyzed for genotoxic properties. The 
PCP is a chlorinated hydrocarbon, possibly carcinogenic to humans, 
yielding major metabolic products viz. tetrachlorohydroquinone and 
tetrachlorocatechol whereas 2,4-D is a chlorinated phenoxy herbicide 
(lARC) 2B, possibly carcinogenic to humans. It is well documented that 
both can affect immunology, reproduction, respiration, hematology and 
genetic systems. Furthermore, it is also established that active oxygen 
radicals are able to induce chromosomal aberration with high efficiency, 
and the significant oxidative damage resulting from endogenous free 
radicals has been suggested to contribute to the etiology of cancer. As 
reactive oxygen species are implicated as increasingly important 
intermediates in biological systems, their significance in human disease is 
becoming more clearly established. Hydrogen peroxide (H2O2) is 
common intermediate in a variety of oxidative stress. It induces DNA 
damage leading to mutagenesis, although it does not react with DNA 
directly to produce oxidative lesions. Several genetic lesions, such as 
DNA strand breaks, which are produced by direct interaction of the 
hydroxyl radical (*0H) with chromatin. The mutagen PCP and 2,4-D 
used in this study have been shown to induce oxidative stress, resulting in 
production of free radicals. 
Three sub lethal concentrations were set up- according to the 
separate LD50 level of these chemicals. Damages were noted at four 
different intervals of time in order to find out the maximum impact of the 
chemicals on cell cycle and the functioning of its repair system against 
these chemicals. In the cytogenetic assays, the screening of large number 
of cells, a serious rise in fi-equency of aberrant metaphase was generally 
observed in all exposures of both compounds, variations at chemical and 
exposure levels was also exhibited. Concentrations below LD50 induced 
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quite significant aberration (p < 0.05). The frequency profiles proved that 
PCP was more potent clastogen than 2,4-D. Stickiness, C-metaphase and 
pulverization of chromosomes were of higher order in PCP than 2,4-D. 
Micronucleus tests supplemented the clastogenecity of PCP and 2,4-D, 
where micronucleus frequency in PCP exposures showed similar trends as 
chromosomal aberration. Dose dependent increase in micronucleated 
polychromatic erythrocytes was recorded at every concentration of PCP 
and 2,4-D. The decrease in the PCEs / NCEs further confirms the 
cytotoxic effect of these chemicals. Concentration dependent pattern was 
again confirmed. Mitotic index studies also supported the results by 
inhibiting the cell division in dose dependent manner in treated samples 
when compared to normal control. Again liver of the mice is the prime 
site for metabolism, accumulation and detoxification of many xenobiotics 
and responds quite sensitively to the environmental contamination. 
Oxidative stress that occur in the cells, as a consequence of an 
inequality between the pro-oxidants / antioxidant systems, cause injury to 
bimolecular entities such as nucleic acids, proteins, structural 
carbohydrates and lipids. Among these targets, peroxidation of lipids is 
basically damaging because the formation of lipid peroxidation products 
leads to spread of free radical reactions. 
The values of LPO were found to be elevated in sample of the 
exposed groups indicating the peroxidative damage induced by PCP and 
2,4D. Its elevated levels-suggest that PCP and 2,4D induces oxidative 
damage by releasing reactive oxygen species. Peroxidation of lipids can 
disturb the assembly of the membrane, causing changes in fluidity and 
permeability, alteration of ion transport and inhibition of metabolic 
process of enzymes in mitochondria, induced by lipid peroxidation can 
lead to further ROS generation. In addition, LOOH can break down, 
frequently in the presence of reduced metals or ascorbate to reactive 
aldehyde product, including malondialdehyde (MDA). A great variety of 
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compounds are formed during lipid peroxidation of membrane 
phospholipids. Lipid peroxidation is one of the major outcomes of free 
radical mediated injury to tissues. 
Antioxidants constitute the body's premier resource for protection 
against the diverse free radicals and other oxidative stressors to which it 
invariably becomes exposed. The antioxidant defense system is 
sophisticated and adaptive, and GSH is the central constituent of this 
system. Further, the results of this investigation revealed that the levels of 
non enzymatic antioxidant, GSH, content in all exposed groups was found 
to be inhibited when compared to normal controls. 
It is well established that GSH provides protection to cells against 
xenobiotics. Adequate concentrations of GSH are needed for an efficient 
detoxification of harmful reactive electrophiles. These chemicals depletes 
GSH level, from the cells of the liver, and in so doing renders the liver 
more vulnerable to toxic damage. The consequences of sustained GSH 
depletion are grim. As cellular GSH is depleted, first individuals cells die 
in the areas most affected. Then zones of the tissue damage begin to 
appear, tissues with the highest content of polyunsaturated lipids and / or 
the most meager antioxidant defenses are generally most vulnerable, 
localized fi-ee radical damage spreads to more parts across the tissue in an 
ever widening self preparative wave. Glutathione is a significant 
component of the collective antioxidant defenses, and a highly potent 
antitoxin in its own rights. The -SH group of GSH is important for many 
facets of cell junctions, and early suggestions that GSH plays multiple 
regulatory roles at the level 1 are borne out by the cumulative findings. 
Observation fi-om hereditary GSH synthesis deficiencies confirm that 
GSH is essential both to junctionality and to the structural integrity of the 
cells, the tissues, and the organ systems. The mitochondria may be the 
Achilles Heel of the aerobic cell, and mitochondrial breakdown could be 
the common etiologic thread in most of (if not all) GSH deficiency states. 
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The mitochondria are exposed to oxygen free radicals, produced by the 
oxphos processes, yet cannot make their own GSH for protection. They 
must expend energy to import it from the surrounding cellular cytosol. 
The mitochondria do have antioxidant protective enzymes that are 
inducible (including superoxide dismutase and calalase, but GSH 
peroxide demands GSH as cofactor, but this adaptive mechanism has its 
limits). Healthy mitochondria avidly conserve their GSH, but as cytosolic 
GSH level decreases, mitochondrial GSH can fall below a critical 
threshold. The turning point is, when in the face of sustained oxidative 
challenge, the mitochondrial GSH becomes depleted. The membrane 
associated enzymes that transport GSH into the mitochondria then sustain 
damage, and GSH import is dealt a fatal below, as a consequence, the 
mitochondria become casualties of their own making i.e. destroyed by 
their own generously generated free radicals. 
An initial step in detecting liver damage is the simple blood test to 
determine the presence of certain liver enzymes in the blood. Under 
normal circumstances, these enzymes reside within the cells of the liver, 
but when the liver is damaged, these enzymes are spilled into the blood. 
Among the most sensitive and widely used of these liver enzymes 
are aspartate aminotransferase (AST or SGOT) and alanine 
aminotransferase (ALT or SGPT). If the liver is injured or damaged, the 
liver cells spill the enzymes into blood, raising the enzymes levels in the 
blood and signaling the liver damage. 
In the present study, PCP and 2,4-D did raise the levels of AST and 
ALT in a dose dependent manner. The ALT of treated samples was raised 
in large quantities than that of normal control. Further ALT/AST ratio 
also supported the results by confirming the damage in time and dose 
dependent manner suggesting PCP to be more potent then 2,4-D. 
The results also show that at certain concentrations, PCP and 2,4D 
induce DNA damage which is proved by agarose gel electrophoresis. It is 
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known that low doses of PCP and 2,4-D increases the consumption of 
oxygen in the investigated animals. It is caused by the loss of 
mitochondria within cell as a resuU of impairment of oxidative 
phosphorylation. High consumption of oxygen in those conditions can 
contribute to the process of excessive production of reactive oxygen 
species (ROS), which could explain the mechanism of PCP toxicity in the 
case of DNA damage. Further, this work has proved here, through 
melting temperature profiles of modified DNA compared with normal 
controls, that treated DNA possessed low Tm when compared with 
relevant controls and strongly support that the oxidative damage by PCP 
and 2,4-D results in disrupting cytosine-guanine base pairing, which may 
result into lowering of the Tm of modified DNA. Lastly DNA- EthBr 
flouresence also revealed that PCP and 2,4-D had destroyed the backbone 
of DNA by yielding low fluorescence profiles of modified DNA samples 
when compared with native DNA. The calculated loss of fluorescence 
proved that PCP is more potent than 2,4-D. Since in the fields, chemical 
pollution often occurs as complex mixture of pollutants. This makes it 
difficult to predict pollutant effects and call for studies of multiple 
biological endpoints serving as biomarkers in the exposed organism. The 
need to detect and assess the impact of pollutant induced damage remain 
as chemical analysis can measure only a firaction of contamination present 
in atmosphere and give no indication of their adverse effect on organism. 
Biomarkers on the other hand, detect the presence of both known and 
unknown contaminants, thus having clear edge over the other. Early 
detection of sublethal effects as highlighted in present work, may be of 
use in deciding on the need for remedial action. An attempt has been 
made to record advances in our capabilities to evaluate the interaction of 
genotoxins against the genetic material, and the development of realistic 
biological methods for identifying expressed genotoxcity. Applying 
different techniques, which are at the cutting edge of the science, an 
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attempt has been made to cover key mechanistic questions, from that at 
molecular level to the potential ecological consequences at the population 
level. 
The results suggest that chlorophenolic compounds contain agents 
capable of inducing DNA damage in mice, Mus musculus. Therefore, the 
evaluation of genotoxicity of PCP and 2,4-D in mice using various 
techniques may be of great value in eliciting a warning system for 
identifying and monitoring the effects of contamination. 
In view of the serious results obtained by these compounds, it is 
recommended that the use of the compounds should, al least be restricted 
to situation where adequate protection can be provided. Nevertheless, the 
continuous and widespread use of these chemicals might bring an 
undesirable condition affecting the genetic purity of the individual. It is 
absolutely necessary to establish standards for the exposure limits of 
these or specific chemical mutagens. As an unmediated action to tackle 
this problem at the International level it is mandatory to identify and 
strengthen agencies to generate scientific data periodically to ascertain 
trends on pesticides and herbicidal residues. The extrapolation of these 
serious results to the human species are further needed. 
This is not unusual in science for the advances in technology out 
distant the ability of researchers and other users of the technology to 
understand and apply the new form of knowledge appropriately. Genetic 
toxicologists are faced with a rapidly "expanding information base and an 
array of techniques potentially relevant to their interests. The events 
occurring over the past few years present knowledge that is important in 
charting the cause of the next stage in genetic toxicology research, 
development and applications. 
Having resolved the conflicting situation arising from divergent 
perspectives, genetic toxicology is thus geared to stride ahead in future. 
The above studies are expected to provide excellent informations for 
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monitoring genotoxic effects of various environmental and man made 
mutagenic agents, some of which reportedly show carcinogenic effects in 
human beings. Information extracted are found to be useful in 
management and controlling the genetic background of cancers. 
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(c) 
Representative photomicrographs of micronucleus formation in 
polychromatic erythrocytes in bone marrow cells of Mus musculus by 
PCP and 2,4-D. 
(a) Normal 
(b) MNPCEs : Micronucleated polychromatic erythrocytes 
(c) MNNCEs : Micronucleated normochromatic erythrocytes 
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(a) Representative photomicrograph of normal Karyotype (a) and 
Chromosomal aberration. 
(b) Metaphase plate showing chromatid break and double minute. 
(c) Metaphase plate showing fragments of untracable origin. 
(d) Chromosome type break involving the secondary construction. 
